(1 9) KOREAN INTELLECTUAL PROPERTY OFFICE 



KOREAN PATENT ABSTRACTS 



(21) Application number: 

(22) Date of filing: 
(30)Priority: 

(51)lnt. CI 



(1 1 )Publication number: 1 020030002300 A 

(43)Date of publication of application: 08.01 .2003 



1020020016818 
27.03.2002 

28.06.2001 US 2001 893804 

H01L 21/20 



(71) Applicant: 

(72) lnventor: 



SAMSUNG ELECTRONICS CO. 
LTD. 

PARK, JAE.GEUN 



(54) FABRICATING METHOD OF SILICON WAFER INCLUDING RAPID THERMAL ANNEALING PROCESS OF ARGON/AMMONIA, 
SILICON WAFER FABRICATED THEREBY, AND CZOCHRALSKI PULLER FOR FABRICATING SINGLE CRYSTALLINE SILICON 
INGOT 



(57) Abstract: 



PURPOSE: A fabricating method of a silicon wafer including a rapid 
thermal annealing process of argon/ammonia, a silicon wafer 
fabricated thereby, and Czochralski puller for fabricating a single 
crystalline silicon ingot are provided to form the silicon wafer having 
enough denuded zones and a controlled vertical distribution of oxygen 
extraction materials as an intrinsic gathering site. 



CONSTITUTION: A silicon wafer has an upper surface, a lower surface, 
and an oxygen extraction material density profile between the upper 
surface and the lower surface. The oxygen extraction material density 

profile includes the first and the second peak having the first and the | ; 

second depth from the upper surface and the lower surface of the wafer, a denuded zone among the upper surface, the first 
peak, the lower surface, and the second peak, a concave region between the first and the second peak, a denuded zone 
between the lower surface including one or more slip potential regions and the second peak, and a denuded zone between 
the upper surface without slip potential and the first peak. 
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3±1 4 SO. 

y^gi, moie, 95, yz^E, 2^ S3 otysi, aauph 01-25 

£ I s M0IIH2J S3 ¥2011 S2S= §EH2J S±(M0S) MSjXI±E12| UERHS 

E 2= g£H2| ^El= aOIKIOII CHft SE = SiIrSi§ UEKH= ESOp. 

£ 3S §EH°1 OS £EI5 NOIBOI Wti tf±a»«2| SE SSIDtt* UEHHc ESOIEh. 

E 4£ B S92| gj &AI010I BE gEIS aOlfflOil l\m tt±Qmm°i SE 5£K^i .ffl«fB1££ U 

El-LHS E30IQ. 

E 5= £ SS2S1 g £A|CHICHI CCFEI- 4=tSS= RTA(tepid Thermal Anneal ing)§§ 2) EhSttMOIQ. 

£ eS S±(N_0 7fc± *«7|»HWA| E 521 RTA §gg 4t!fcT *2| flOW'SI 201011 mi §34121 £E 

=SEfSS U-EH-HS EBOICK 

£ 72 01M5(Ar) 7l± SWISKHIAI E 521 RTA ggg ^tl $21 94IOIffl2| 20101 CntT SSttSI £ 
E ig^i UEKH= ESOICK 

E 8H ^i(H-) 7^ E 52| RTA S§§ 4t8tJ $21 flOIHSj 201011 CHt? S3iJ2| £E 

ESKHS UEHH= E30IEK 

£ ff= Si ?\± 9! 71-^M Sttffc 7^Sti#2| £tJtilg ^SW?19A1 E 52) RTA SSS 4= 

*Htf#2| WIOI3AI £E iEiJii UEH-H= ESOIQ. 
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E 102 RTA SS.HH Ar§= 7142| gfKffl CHShOl, = S AI01I!(H| [Q= RTA S§! 4=?S=- 

$ $^ gjJEI! SSKW 2012 24*!!!2| £E £3ip§J! LH33 ESpICK 

E 112 01=5714 g$l7ISHHAI E 52| RTA £§! 44S£M II1E1 1EI = SII0HH2) 13 =S0IIA12| 
COP(Crystai:Originated Precipitates)2| =SH2rg! lgor7l ?l=- E30ICK 

E 12= 14714 S9I7ISKHA1 g SJ22I 1AJ CHI 1011 tQ-gj RTA SSI 4=?3=- $ s'flEI! @i= 81 
0IH2J 24 *!#12| MSS UEH.H= AISOIQ. 

E 13= 01^=714 =9I7IS1CHIAI = US2| fiAJOfllOfl [Q€ RTA S§1 4=??=- # #^ 1*1 El! g?= 
SII0IOI21 24: *!Sg2| £2! UERHfe AISOIQ. 

E 14= 4=4714 SWISHHIAI S SfS2| 1AI01I1CHI OiE RTA SSI 4=tS^ * *^ 1*IEI! gTS ?4I 
0|B|°| 24 *1!!2| Mil L1EHH= AI20IC1. 

E 15= §4714 01M=714 »*|7|SHHAI = 1JS2I lAIOlllOfl [CIS RTA S§! 44!=" #^ S*IE| 
a £ e = §||0|it|£| 24*!!!2| ME! L|EHH= A120ID. 

E 16= 1471-4 + 4^714 M*I7|SHHAI S BTSSI filAIOJSM CUS RTA I§1 '3*l£l! 

ers-nomsi 24*11121 ttsm ueh.h= aksoip-. 

E 17= 14714 tPPIftMAI B Ifg2| lAIWUCHI D>- RTA S§1 4=tS=- S*IEI! BTS §1101 
ffl2j IS ¥=CHI *!*J£! C|ifE=(Oenuded Zone;DZ)2| 2011 UEHJ= AR30IO. 

E 18= O r M=7 r 4 =$I7|SKHIA1 = 1S2| #A|01|gO1l ffl= RTA SS! 4=S=" $^ 1X-IEI! £= §0 
01 It) 2J S3 *!*j = C|i=fE=2| 2011 UEHH= AC! Old. 

E 19= 4=4714 =S|7I8HHIAI & ITS2I 1AI01I1CHI U>= RTA gg! 4=*8=- IxtEl! IT- ?J|0| 
ffl2| S3 ^=011 i!*j= C|==rE=2| 2011 UE1LH = A120IC1. 

E 20= 14714 + 01^=714 ==?I7ISKHIA1 g g^2| 1AIMI1CHI COS RTA SSI 4=tS=- 3M? 1*1 El 
1 if= SII0|It|2| S3 *=?=CHJ ^21! C|i=rE=2| 2011 UERH= A120IC1. 

E 21= 14714 + 4=4714 =£|7ISKHIA1 = gg2| 3AI0MH [CIS RTA SSI 4=tBS* S*EIS 
gT= flOIIHSI S3 ¥=.Ofl taSB E|irE=2| 2011 LlEKH = -AJQOIP-. 

E 22a= 0H4-3S=(as-grown)4 t EH2J C0P2| *)£! L1E1LDD1 , E 22b= Oil 14714 =£|7ISHWA| = 
!S2| 1AIHSHI lim RTA S§1 4=tStl- &5l= C0P2I L1EH-H= A1210IC1. 

E 23a= 0H4-aS=(as-grown)fe'-EH2| C0P2| UEHJUB, E 23b= Oil 14714 + 01M=714 = 

«P»H»AI S iT32| 1AI01I101I C0= RTA S§1 ^tStt $2| =t(= C0P2I UERH= A1210I 

CI. 

E 24a= 0H4-nS=(as-grown)a€H2| C0P2| L1E1LHD1 , E 24b= Oil 14714 + 4=4714 =91 

7ISKHIAI S ^32| 1AIDII101I COS RTA SSI 4=*S^ $2| =t1= C0P2| L1E1LH= A151M0IQ. 

E 25= H ^321 1AIO0SIHI [&= SJ0|ia2| =HI1 UE1LH= 5§=AIE0ID. 

E 26= 1EI= gJS(WA|2| SltJ =E21 V/BHI(?J52| 3fe^E/=E^HH) A10|2| ShTtll LEI 

LH= 3HBE0IQ. 

E 27= S£H2| g=-S13 ^31471 !EI! L1EHH= THSfEOICK 

E 28= = STSWHI 2|*J- OR #3=2 09/989,591 S! 09/320, 2 1 0CHI [CIS D= S2H2| i31^7| 
1 L1E1LH= THBfEOO. 

E 29= .= S32I 1 1AID1I01I UiE i3147| IBS LI€H.H= JH^EOIQ. 
E 30= E 292) i 31-471 121 2| fi«S Lt£1LH= E30ILK 

E 31= 14 §! 01== 2^71421 SITS SHAI7I3A1 E 52| RTA §§1 4=4S=" #21 E|30flA(2| 2 
4*!112| feE SSI fi01?= 3EHH0ICK 

E 32= 14 S! 01== ^71421 StfUll =I1A|7I3A1 E 52| RTA S§1 4=t9=" #2| E|301IA|2| 

=-4*!ii2i ^e =sn moi?= naisoiQ. 

E 33= =E*=l(Ramp-ip Rate)! St1A|7l3A| E 52| RTA S§1 4=tS=" *2| a|3(HIA12| 24*11 
12| feE =211 M01?= aSHSOIQ. 

E 34= OiyS Al="(«nneal ing time)! =HAI?I3A| E 52| RTA S§1 4=tS^ #21 H30|A|2J 24*1 
112| feE =SH S01?= 3 EH =01 CI. 

E 35= !*|E|=E(annealing temperature)! SS-AI7I3A1 E 52| RTA SSI 4=*S=" #2| E|3(HIA12| 
24*!!!2| £E =11! S0l?= 3EHS0IC1. 

E 36= =ES12-!(Ramp-down Rate)! SS1AI7I3A1 E 52| RTA 5§! 4=tS=" #2| K|301IAj2| 24*1 
!!2| SE =SH ^01?= 3EHS0ICK 

E 3?s a a «£j lAllflllCHI tU= RTA! ?|«J- AI="-=E SSEIa'! UE1LH= E30IC1. 

E 38= S gS2| 1AI01I101I [U= E 372| RTADII CHti" 24*i!!2| SE 2| = ^1 MCH?= E30IC1. 

E 39= S 2| lAIOIIlOII 0}= 24*!!!2| 01 yD AlZi" °J=S! S01?= E30ICK 
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E m B i?S2| flAIOHWI [OS RTAOfl 130)1 0^5 CH 9SLI0I- SlfdKHI CH*t °|£ 
g| aoi?= E30IQ. 

£ 4I§ a gwo, £AI 01110)1 UIE SEo^lM CHZi" i.^Ps2J SOI?= E20IQ. 

E 42- B 8T32I gAIOUlOll COS i?l #±£E2| «f4=SA1 EI3 BMD(Bulk Micro-Oefect;BMD) SEg 

MCfl^ ESOIQ. 

E 43? a ^S2J 4'AIOlllOll COS RTAOfl CH^ £E CH SllOlfflSI Sh¥ a30HA|2| ill I! Oil MCH?= 
ESOia. 

E 44£ B WS^i ^Al 01110)1 [&B 0F5£/^EL|0|- 7h^H1 CH 3011 S014.S E30ICI-. 

E 45=- B £AI0H10fl [&E gE§l^§°l tteSAI #g 1011 £0)4^ E30IO. 

E 46a S E 46b= B ITS2| ^A|0fl#0fl [OB SIIOIIH 6^2| >RT(X-ray topography) ACIOID. 

E 47S 21H2«gap-f illing f i lm) XIUS- $2| MS!X|LH0)|A|2| ±EZH±m SCfl^ E30IO. 

E 48a= B HS2| ^AlOllgOfl COS £EI = SIIOIfflgOilAI *U*ti! 4= 2i= aHSffl- MS!!AI±E1 ±X[2\ 

BSEOID. 

E 48b^ B 1*921 ^AKfllgOfl COB E 48a£| SflOIIHOIIAI iJ-±*«#s2| = fi01?= ES0IO-. 

E 49£ B ^AlOfllCHl COS M?Hx| 2?| 2§2| 12SAI Sf^ — BEI iXKHIAI 01 

§1 £0f?= E30IP-. 

E 50S S ^"S2I ^AlWIlOfl [OEf, M73*! £N£*!tl £E =SEr^# Sfe 511010)21- tOTt* i+i 
■%gw £E ESII^g Srfe ?4IO|It|0fl CHSI-01 El^aiAl AIZKHI. Vm t-SJ- M1F§ (cumulative failure 
rate)* £01?= E30IQ. 
E 51= 52H2J RTA A|±g°l B9E0IQ. 

E 52^ B ^AlOllSOfl [OS JHlFt! i3tr±?l 1E1°| »B|£Oia. 

E 53g E 52°) 23I^?| gE12| JHSfS ^B2| #Aj|EOIQ. 

z3oi yt&*(* s> J stem 
on situ ma ^sis 95 3! siioiaofl sstr 201a. 

ai-Effll^AH Sltf Sa*Sa21 BIS £EI5= 431T45I (Czochra I ski ; CZ)g OlEh 

aj^, AIS. SEIS §21 g^2| ?4|0|ffll!Sge TlXlSAI ?JI0lfflS Xfl^Q. ia^?IH0J [OS 
5/ &l§ £E|5°S AlEggS §§ ^EISLHS SOi^s ^ Ajef gj^^ig, gg M 
/dol>SEI5!A| BIS 2)5^S SSBQ. ^71 4'EIS SggS 91* £7KJLHJM $ttOl5p\ fflf 
Ofl CHa^f 3*S| §FLP1 ^i, SLSE'D. ^EIE2| BEOflAI. g§S°| SEOfl 

^'EI5LH2| a^e| g«HE(Solubility)2J H^IS £EISLH0flA|2| tgs. I^SgJfl «| actual 
legation coeff icient) Ofl 2|oH 3SE|= SE0I1 OlM^IBhXl 1§^A> LHS S'^D. .OI«J BSSS 
aSOflA) 4'EI= 95011 a^_.^2|_>Efe^El^a^jaS2| JI^AJM A>Sa^S||g SEO« 



|Sj §§g = 

9\1 ain/Ek d^sw sfs ?\& *'m%m si-ais 4 2iQ. nay. ojigj &f s^si 
g3s«)0fl sies-HiFa, nss s§«s^ei sra£i= M^i-se ^sm 4= siq. 

£|£ =a)2| S^(MOS) S?ijAI4:Ef2| BS^M UEltfCJ-. E1§ ii^^§SOI ^'£15715 

, i o)2| S3 3 &QA2A°M) 2 M E^f ^(14^ AF01J^ m S^UjOl^f WSW oi 99 , ^«0| 



ka^(1B)» i&Eia3IB<10)2|ej a^is? SSM SAloe »|0|E 13S|(16)2| §3aHIM H^S 4= 
D. Etf M0SFET1 AUSfe IHlEEIiAHHl A|2| E|E3IA|^1 ^^A|3|71l SO. 

E*K l?HE|Ofl 21*|| SSSEIb S||0|Ii|2| ^3S^(10a)LH0fl «SS ^i^MlSS E|?|A"|±E 

o.^ ojeaiAj 7|QS( intrinsic Bettering) AlOIMSAfE OO. 2J5LHM i+±££7Y S 

gE^f lisro s^a i^ssorsss^uiofl ssaxi sof »iag s^oi ^eitiu e= a^ 
flaw bo. 

ei-p, gfflSI H&5iS S-gSS U5SSSIH 94I0IIHKEI0IS 9J|0lffl= ?JI0|it|21 S303)»S^E1 t[ 

3($awi oi^PuiAi 2x-ii5?2s &±qmmo\ Bsgoi sia. D-ci^MdHioiaAi 2 no, 
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m\. SjSStS" S £fc£*!SimOI SHIoOT Sfe Q^ES (Denuded Zone; DZ, 1Qb)gO| 22££^E1 ± 
g SOIOII U\E?\m\ mEIOiOt tICh 3E1U, §31°l &gOU °loB SWIMS ?4|0|]flE| 53 

#±*!SgOI BMKIOI ¥«SI?21 ±2.±£H ^goCT SQ. 

DEMd, ?4I0|E|21 £3 ESOil El ±?E£1 S&»|°!AL aiOlfflSJ ^33^011 2JI^ TilCiD Al- 

*loL Mil 10) 13 ppma(parts per million atoms) OI401IA1 3£E2J if 

±1 t*s» $ooinj> »sir jise aois men saizi- smeis ^tstf^s^i, ?4ioiffl^ ^hs^lhwi 

£J£*|fiSg *3A|S ^ SILK HEILh DZ7h 2!H*E|.fl tf±2| Or^-E!S2 (out-dlffuslon)W litffll 

rasoii ss*j- dzi ^~ as oisq. oia«- geH^J 7iaw sjoii a 323 «eis bjesi sii 

OlfflOll CH*KW II A, 3 o^ ¥Ei sjgoii o|5^ £bW«SS21 £E = £E r S!S E 2CHI AiEh 301 UEKS 4= 
SICK 

sgi ^PJ2! 3£^J 83 SS01 SAIZJ Se.K^t!aS §EH2| ?|g£.^7joj ^Sl efaAIS 4= Si 
CK Ml SCH, «a(slip)OIU 5IBH(warpage)0l HOIUHAI S^W. 4= SJCK E-RU, fil2 SPrE S 
4 Si Eh E*h 3E|£J g°CH!^ H392|LH2| £W^SSW MISEiCH SJS «l § 

(Fe)SOI ^«§Oil HJ^H ?4I0|E|2J £g°| C|±rE£^£3 ChAI lEI^(release)EIO) EI?IXI 

^mm sq= sfiisoi sick. 

E 3S OIlJ-S^ ^92 fil 5,401,6693:^ 5. 1A01I 7HA|§J #3)21 QB SS01I 3*11 SSS £J:fc*!Sl 
2J £E = SEhI!l HEAIftlOl LhEHdl ESOIQ. mV> E 3S B£tt9PI«HN/d 9JI0IIHWI QBHM 5^ 

§3 ojyn(RTA) sss 4=tm3, « sxieis **»kw ««s *te*iss2i ?4Ioiei soiwi co* ^ 

E E3EHJ1 UEhtf SOIEK 3E1LK 491 §EHBJ *Hg° e 301IA1 ST 4^ 94IOIBSJ 
El EI^E^l 4 K£DI, SHS^LHCHIAI £W^S10I SM.ol SKIP 1*1 SfeCh 

2301 oi^jm ji&z? an 



LHOiiAi a^siAj ^iQjBj ak)|e£ai ^ ^ si^ &±^mm?\ -aw a 4=^1^ M5i ^ 
as ?jioiiti2h s^ei xizwtta flissfe mi sia. 

e «-^2J EEfE B ^SOfl CDS ?4IO|ffll XII 5 o PI ^|o|-01 S^^^OI Pr^tl BBS ^ 

El 5 951 a^S^I Sltl- ^H^?l lEil «S*t£ □! SiQ. 




201 (HI Si.^ Xiil S ^12 21311 itltmi-. QI^E^(DZ)0| 3101 El 2| fe»32J- XI1 1 EIH AMD I ?| 

01 ttl^ §1-3^ SI2 ai3 AiOIOi) i^SEK Ett, ^i4s|gl ^E HI1 K[32h HI 2 AK3I 

OIIAI n0IU2J ^HS^Qil 331101 M(concave) S^l i^feCh 

QRU, B ^S2J 4'AIOHWIAI, fe^l SllOlffl^ g?\ M2 El 3 AfO|2J CI^E^^ HLHIHI ^CHE 

^U2J #H 3?| S^l 5tmhDt, a^Oil 8I0IIH2I S-SjII- Xill EI3 AhOI°j.C|ifES& 3 LH Oil an 
S^l^h KEK Q€ ^AlOfllOllAl^, ^EI5 ?l|0|E)^ STI #S0| St^ ?JIO|E|^ ^321- fill El 3 A|0|^ 
CI VE^QiiAi ^40H^J ^= ^xl ^ El (Shallow Trench I sol at ion; STI ) S^ll idt^Qf. EQS ^ 
AlQtlOilAI^, ^fi ^E ZSE^^ ^a^i- bl^l- SOI, fill S fi|2 EI31, Ci±rE£ ^ fill S fil2 
II|=) AFOIBJ ^?||0|M S^l Stiti-CK ^^7H°J STI S^l^ STI S^Oll EStt #J\ ?4I0IE|^| ^3Hi- 

filfEik u*B*im sisidi, a^mioi e 2ihiai2j sti a^s^Ei ^ei goiTasxBm 

& £E|£ S||0|E|(HIA|2f SStJ- STI S^lOfl blufOj STI 

g «-SE| DIE fiAIOlllOllAi^, i+^gl feE ^EHJOI ^S2h ^hS A^O|EJ .g^jftil £|x|^ tfEl 
s ogoiasj g^^CKl Zm\G\ CHS^lOia. [DEI-Ai, (Mil 101, 4^1 fill ffi fi|2 SOi^ SStHIK 

IEIU, ^AIQlllCHIAI^ 6K7I =SE r ^^ CHS^^' Ifi^ 21^01, 3EIUH31 0111 101 fill El 3 a 
fi|2 E|37h ErS 4: SiQ. E^, B 01 S ^AKMIQiiAi^ EIVES2J S0|fe. ?||0|Ei°| ^ 

SSS¥E1 5 Am LHAI 40 *dS| ^^1 LH^ ^ SiHDl, 3E|UhO| BE» iXH ^S^OI MM> 30IW 

ai b u-e SAiaaioiAis, ^71 ai ei3 a fii2 ei3oiiaiei at^^i^ ^e^ sj 

01 E 1 x I if of 1 OI4 h OI01, &?\ fill EI3 a »I2 El 3 AfOI°J #7\ 3?1I0IM S2|WA|2| tfi^HSI 

^E^ ^OiE 1 x tOon ' Ol^OICr. EChE ^A|Otll(HIA|~, 491 331I0IM S^LH°J 379 

£E^ 4^1 fill a fi!2 EI3&HIAH ail 4+^Sl ^ESE^E ^CHE 1^4=2J 37l(an order of 

magnitude) °m ^Ch 

B ErE gAIWIlDII ECfE ^EIE ?410|E1^, i+^Sl t!j^^ #01 ^EIS S«HI 

1 WBhOI i+^Sl ^E ^SEr^l WIO|g!A|EJ filCHS M51 491 WIOI 

|xi ^E =SErSS 4 h 7l ?4I0IE|S| §. ^go^ Ej z|7| ^S^l fill S fil2 aOIWIA|2J fill a 
fi|2 El 31 E^ 4^1 WIOISAI ^E^ 4^1 SIOIIHSI 4 h air 491 fill EI3 AFOI a 491 ?4I 

0IH21 &[3]Ir ^1 fi!2 E|3 AHDJOfl DZI SH^I ^rCB SSI ^ESEr ^SSI ^ES ^Al^Er. 
491 W1013AI ^E i^EF^g 491 fill a fil2 EI3 401 OIIAI 331101^ S^l ST=D. ^¥ ^AlOOOfl 
Al~, 491 ?4I0IE1°| eraih 491 fi!2 El 3 AK3I°I PVESS 3 LH Oil ^OlE t[L& #H S^l 5« 
ohOI, fflBOl 491 nOIIHSl 43 SI- 491 fill E|3 AF0|2J E|ifE^^ 3 LH01I #H 2*|7r ES 
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LLjl p|j=U II 

ef itoo -cat iIoo'a; 7wiM)^^T"6as~«oifioi CHSKT^Satff". naswr&fl'aoriHsi #g° 

S^EI SB Oil 0|S^ *HAHg gAj fe£ at>| oj| 0!iH oj Ai-g cy 3(gogbi a 2&\ Jfl 

1 SI M2 £0|CHIA-|°| XIII S 32 H31 SBKtO. Eth #71 «S45« IS SE£, »0lu|21 #311- W 

ma ahji a #7i aoinisi *raah H12 ma ahjichi ozi_g#7i JS 1 MMP^t.v 2 ^ s 
em sxisa ohxi^2g, =si&a= saoiasi ga 33011 #§si= #7i sui aia a 

ai2 ma akdichi &mom s^s ?*=a. ch§^°j e= tncH§s}°j E^m-aoi nisi 4 aa. 

EQS gAINOIAI, #71 RTA= S*| SI m°M t*±t$mm 33 AKJIJg f AJ . sm* ,li= T.f.t 

§£11 9ISI0I SaLIOKNH,) a 0fS£(Ar)g 5*tE 71^ S&§2| S*l7|oH>flA| *!EI5 

?4IOIfflCH| CHol-01 i>*«aD1, SIIOIffl°J #32£*iiEi o 13 CHI 01== ~£ iSulg§ Si^ 

HW^aBl ■ * SO. SEOS ^WKHAn #71 RTA=r af .1100 «c IHH 1150*C AlOIOilAi 43SSD. ED- 
= g A| CHICHI A|£ #71 RTA^ 2f 1120 'C CHI M 44SSCK QE 0A|Of(HIAI£ #71 RTAg iJjOjS • fflS* f 
oh ^tS&D. OS tfAlOIOIAIc #71 RTA^ ef 50'c/£g, • SffiUOl- a OlSSft i«JSf= M£l7|g g 
*fS| 7faA|?| = 201 dttSO. 

a »S2J £PS ^AIWSOII n^B, ef 1100X LHXI 1200*C AH3IO0A1 301E V 52 g°J- 3SLI0I- a 
0E5S SSJSfe SflPloHHIAl #S2* ShSS ££15 SIIOimCHl IHShOI RTAS 4=tS^£MWI 4'SI5 
9JI0IB7I- XIISfSQ. P-g-gAIOHOflAI, #71 RTfe 2f 1100*C LHAI 1150X AH) I MAI 4tS£!C}. EP-= g 
■MW.'3rim ftmWtt§& EOS gAIOJIOIAI, #71 RTA« 4*Jq>7.| QlSOil, #7IM9I 
7I2J 71101 ef 50*cM, Ml gOi ef 800'cS^EI ef HOO'C LHAI 1150'C APIS S7t£!tt. CRLh # 
71 RTA1 4*5 «CHI, #71 7haoi ef 10X/i LHXI ef 70*c/i, MIS M01 ef 800XB1A1 Sii 4= Si 

ck sqm ^AimioiiAi, jmm ^±m?i pauom &?\ ttfl^is^a ihxieioii 4= 2iQ. 
s a^sj chs gf» ^aioiichi co-sg, ^^H£i ^ei= ?jioimgoi rta is hi lhchiai aims s! eiauof 

S StJSKr BWISHHAI, ^S21 ?J|0|iti§^E1 fe^l RTA .gtijf tfEIS aOIBAmjESJ 
31= 0I3KHIAI, ^S2| ^EIE ?4IO|ttl§0il CH*J- RTA ggl ^^SAN 3|5faQ. ^f 

71 RTA& Ssth CHUJ£h S2SHWAI 4*S^ 4= SAP". Lm ^AIMOflAI, 4' El 5 SIOIiHsOl RTA !5tH2| ^ 
SI 5 DORAWIES MIS*JOI SOI G7HS0IU D. 01^ §2^ S^Sj^S xl El a CHI 4= 2tD. 

Cm »g fe'AIWICHI gJIEI^ ?J|0|IH2| ^gog^EI o|-30il 01 =^ ii^^S SE ESIh^S 

iS&W\ 'WI ^71 RTA OI$CHI 4=tSa01. ESE^s °||0|H°| «a -a S1S°S^E1 2f7l i§2J 

ai si «i2 aoiiHiAisi 11 a «i2 ma, siioia^ ^gih 11 ma akji a g?i ^ioim°i sraai 
xli2 ma mo"°j oz #71 sTS masif 12 ma akjioiiaisi a?uois s^s chssj°i e^ hi 

CHSJ5J2J ESm^OI lit 4 SICK 

a »go| L |s AjAIWIMAi, g gS°J ^AlOflgCHI CtJ-g RTA7f 4=tStl= ^E|= SII0IB7K 95°] 

" - 2J5 2!6f^E iSKfgOII [CISf fflU^CHIAI gg^SIS 




iHf^i a*esh4s^BW ^aridi: #71 a«s3f?suRS #71 lh^ awse^sHi 
chi iffsaa. #71 g«°i a*esMes£ ast #71 21^ axEm^sma #?i a^of^s ursi 

a^HgCHIAI kflg EtJttCh A|A|^3C|7f #71 E7H-I LHCHIAI #71 a*©SM?SS AlAlt^Cf. 

cm ^aioiischi ctfss, #7i a*ts*f?s u^s #7i lh^ a^asf^g^ss^Ei #7i 21 ^ axts- 

a^-ErSI^S Hh^s 2 |« g?;Emi-^l!^°S¥E1 #71 LH¥ a*E!-5Meg^# tiShOI SKfSAW 

en #7i as? asfesf^.s^cHi ni2 stjtia. 

S aSHl ^AIMMCHI COS i3 1-4:71 g£1^ E*T #71 AIESQ1 #71 ^SISS B| 
I 5e\2 idM 3&M?V\ mi #71 E7H_|S¥E1 °!#AI?|D1, #71 a5S .fiSO «#^S a g 

^slj #7i lhV si a*fe*Mege!g2i got, #7i a»s*^ge7H a sn a 12 ^§21 

3ARJES, #71 S 521- #71 LH^ ^^Emi^S^ A10|°l 7)E|, #71 E7H-I2I- #71 21^ a^ETol-^g 

5 aToisTtiei, wtmmgkiiy #7ilh^ aste^^g^Moisi tisi a #7i a^ssi 9i« 521 

5jCHESfU7|-, #71 2!#S! 9501 a S#0flA12| #71 ^ECHI 7lioKfl, #71 |5^ ri ^EIS 

•3WHA12I SSS^EI #71 i§ SEUhAI ..^CHE 1.4 • K/g°J U|gS. L JZftlE§ d^SQ. 
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0I5K S^ti- ESS #2oH)t B 93 2| blU,^*!- ^AlCfllll fe^loWl ggttQ-. 3 BILK .S S 
g ^ 0 |*h gEHS ^1 * SJECH, 0171 /d £SH=- gAIOflSOfl ttSSfe *H*!E|A|=- omSIOI. 

*IEhEI OlElt^ £AIMm£ 3 JHAILHSS SHJ 9S2| A1#S SSATOOI . SBo"l 21^71 9141 

HISsfe 20|Q. E9SWIAI, #1 S32SS2I ^Bfe SS3S 9|oH jUSHOI .-2iQ. SU*l- SiSS 

^ gaisjog g^eh aig xmtiQ. #, s°? e& 7i*na us a^7i- □€ '^roii 21= se 

M 221 UH, 0I3JS □€ fli 9101 32 2i7iU §#£±71- 7HS1 4=£ 21Q. 2>CHS. CHS fi±7h 
QS si S|S ^ 01 21ES 9 SI! UH, 3 5M= S2*S£7h SXHSM 3= 2101 Q. CRLh 01 
7IHAI HAftia iAIEIfe Zj- £AJ01I£ £EU 3 #S32 E2*!EH2| 6IAI01V 

Efeg V3SI H AlAiaiOl COB ^EI5 SflOlfflOII CHth i+ifc*lgS2| £E ESIUJS JHqai©£ U 
EHH!§ E30|L>. E 2 9 E 30fl EAIS §£H2| 7lsOfl °iU «3S £!EI5 9l!0|It|LH2| ^^Sg2| * 

e = sura ah mesh*, e goon 2it* tf±*!ss se ssntis ?jioib2j 23 si sraEsw tt 

3(Double Peak)7HjSaa. MhOIS 113 AK)|2| ^333 LH0«A|2| 5fg g2| ^i^gMOl 3^ E 
SMI 2| TUQDSaH SSSt 'WWV 4= SIS 3ES SWiM SQ. 

SQ 333 §£H°J tf;£*!#g =Snra(HIA|= ?4I0|IH2| SSTOfl 9|xliJ BS EI301I °|5H ESI! 

ESS!S=- *^EI = 3*1 E| SgOfl ffl-Et lEI^(release)! 4=E 21Q-. g£H2] 5SI&S011 . b|©fr 

co, i+±qmm £E ssekkhai ois eiss .st»fe b arssj ^AioflSMAi= esssoi sii 

Olffl2| 1332? a 53 3 StfES 1 El 4:1 4= 2t°.S£, lEI^S ESS2J IPS & 

4=:2iQ. 

E 5£ B 8J32| ^AlOflSOil CP-El- 4=tSafe RTA(RttPld Thermal Anneal ing)S§°l ErS^rMOID. S S3 
01 wga^RTA iaLli^ l^o| 2S Afg^ 4= 2JD. #71 RTA 5SPBAI, SW, B STSM 

toe 6iei5 aidittis, mis sch ch7i 571 vtm-c §es rta itiuig. suticK i ). 

OICMAi? RTA IHLIiSI SEg, 0«S SCH Of 1250C»X| ^ HTc/£2|. HISS S^SI 57VAI2JLK-H )• 01 
a/d, 1250X 21 a £0i |A| ^lAIZN (HIM SO) Sf 10i^ °A|AIEJC1K HO • OICHAI^ f E§ CH7I f7|2j 
SEJWI 2f 33-C/S2J HISS S^SI SiAiaCKIV). DW a 4£S, 9IIOHtlS RTA itlL|i£¥E1 SSStf 
QK V ) . E SS RTA §§21 ^AIWIOII 2|$H Ahi^^g 56' 2| M571- 731 CHI 4= SiECfl, D 

1 t4°S= E 11MAI Ll^Ofl *!S5Kr Um ^01 9JI0|iH2| 22 =m\ SMSfe 20IE E= C0P7f 
£SH! 4= sia. 

E 52| SE g9l^ 3^51 01IA1SI2J 210 1Q. B ^S2| ^AlffllKHI UJ€ RTAOfl Ai B917I 

7|-iS2| mm, B9I7I 7^S2J °1F, M9I71 7^S2| StiUL SE4^S( ramp-up rate), CHyj 
SE, fflyS AI& Si/ES SE8R» (ramp-down *te)«.SZ!*£) SOI 'OI9HHIAI gSofc UhEF 901 
E 4011 CD-S ESIF^S 2= 01 7i01*]O. #71 RTfe 5JCHE 1150 *c(HIAI 51 CHE 5i .01 # §2 4=tSl! 
Qh WIS SCH, 1150 'cOflAI g«E1S 4=*«5fe 5101E 30£ §E SAISH5, 1250 *C(H1A| gSlEIS 
4=SSfe SJOIE 5i LHAT 10S §E ^ 4 21Q. t!® a^E= ^CHE 30 *c/i pl#ES 
SaAI^Q. 

SJOIIH2I 190)1 IHI0I3AI E2hS TJISSfe 7^21- SIEI^EI^ ^E|5 4^2J S2JS HlSSfe 71^S 
Sttfti 7hi aSwbl B SS2| ^AIMKHI CDEf RTAS 91*^ 7^AI ASSLh ^¥ «A|W|0flAIS 1 
^7hi7h M0I3AI ^2J S2)S S= 7^SAI A^SLICH, 0^/4=4: ?[±7Y 2E1^E|^ ^E|= 42J S 
2m ?>S 7^SA1 Al©SO. 




LHCH, <5 (b) 3 (c)S CHSSl^ 7 r i B9I7I01IAI RTAS 4=tS*t 3t7| WIOISAI S! °"E1^EIS SS«f 
feE SSl&gSS UEhyiQ. 

E 6 LHAI E 821 £ AIMS CHI AI SOW= 901, MSS 7^ B91 71011 AI RTAS 4^^ *2j J10j| 
AI glW 5E((s)£ AIAIEIS 5HM)S ?JIO|ffl2| S §1-3 CHI Ai ^2CB, SIOIIH2I g_3 

mm ^p.. RTA nm^21 2E7I- mm<m± B9|7I0IIA1 E 5°1 g(a)2J SEJW S^SI §71SI9, 911 01 
mM SS^eIaI iJCHSfe WIOISAI2I StSfeE^ S7&D. W0iaA|2| 0|§E£ 94I0|IH2| 13 3 
^LHCHIAI ^71 IIHSCHI WI0I3AI feE= ^3 S^LHWIAI StfeE MD WTil SA1SJD. 3E1LK WIOI3AI 

°1 oisoi siioiaS ks a»MAi= &ssjoi7i imsoii 911010121 23 s^chiai wioi^An gs^ =s< 

« S^^ECHI EBtHIh. tlE, RTA IHL|±2| SE7I- S^SI §71^011 UW. gJH^EIfl ^Elg2| SSfe 
£t= Ojg §CH, WlOigAISI SEIiEl^ ^EIS AH3I2J Eg!!! 7|§tKFrenkel recombination)01l 2|oH H 
OISAI ^E7|- B?\*m mSi 'stoma. EtJ-, SII0lffl2| ^3 S^LHCHI ^HSfe 2E1i:EI^2| Olf E7I- 

□ iTjioo wmiaAiai- 901 ^71 imsoii, 13 s^lh2i 2±e-\±e\m ^e= sssemd sth sat a 

D. 91I0IIH2I 53 ES0BAI2I 9E1^EI^ feE^, ?JIOIiH2| 53 3*HHA|2| HflOmAI SE7f 



Ei-^Em Sl^SS 34:9 SE01IAI AIISS S^^EOfl E^tJCK 3E1U, ^ »d"?1l4S ?>= H1I0I 
§Ai S9«ll SBOIfflOflJy IsiEIOiSD.. «fl|, MOiaA|2| ]&3E3 SE^ 9J|0|iH2| §3 S^LHCHIAI 
SQK BBOiaAlSJ 0|§E7h ?J|0|iL|2| 53 SWMM *7| IIHSOI, BflOI3A| Sl*fS2| feE^ 

3§l£i SECHIAI ^Al AHSS SSfeECHI E9^Q. 

maAI. MSS M9I7ICHIAI RTA7I- 4tSS *2| UflOiaAl £E ESI&gS E 6 LHAI E 801IAI SOIAl^ 

Hi2i 9oi S#S 

Et.t E 6011 Al MOI5S0I. E 52| RTA7|- §4:7^ B9I7I0IIA1 4=tSS 3^, «|0|tt|2| g3 S^LHS 8 

53-6 



^2003-0002300 



Esi- ™±j\±± momM gasny isskh 371a ^ei= uoiMEroiEcsixm ^ssbhh, hei 

5(01 13 g^LHWIAl WlomAI £E^ ^fOSQK tTS, WI0I3AI £E= l^^Oil 2\ti WI0I2JAI 5gJ 
H2E SII0IIH2J 53 eSOilAi S^ltJ-Q. 3 §SK ffllOIBAI ±£u^ 

g M*i7|5KHIA) Xfl££! ?|0|IHa 322^ e!CH *#((b)5 X|A|S d)S SfSCI-. 

7)ID7h E Sa RTA SgOl ^71 E 7 a E 80U1 SOIAI^OI 0H5 S! 4i 3I± ttfPjtHNAI ^*S1 

hoibai se^ °jei^ei^ ^Eie ?ssas ama siioiiti saoi a a vmraa, mt\, trnoia 

ffld I JtH E&WH SdLPi [IH SHI, WOISAI feE= H§ SEOflAI 8«*E2 STAGES 373 V * 
2JQ. 

a g-g2| gAIOHUHIAI, E 521 RTOh 7h6 StM S$l?l, OAs 101, |iS 0|S£ J\±, E£ 14 

a 4± j\± g$\m\M ^tsEioi, heishji ?\± ssm s^ishm*! woiaAi j§e ssi&sfoi e 
6 a e 7°i 3li§i itm^sAn, heih e 6 a e sa nan ztrnz^w wm * aa. £ 

901IA1 3D|AI= HISI SOI, 7K± 6rSI?ISKHA| *||ES SllOlfflta UH0I3AI iSah^Mf g 

ejI } aoms fgas *rass*Ei ^§ sokhiai ai a 32 mss ansa, aw. #a a si- 
gss^Ei ^01 ran a M2 mawAia wioiaAi ^es §g seoiiai stifeEMP- si-ci-. e*l an 

S 12 IDS AhOISl gSS^OIIAI^ WIOIEjAI feE ESIIiam= a3iO|M-«g§ &=Ur. 




013 Al £EI2 -"SDMIS, Q@fi.Efc 447^ MSPISHHIAI °!E1^E|g gElfi ^SlSYa 




fess SHSt Efc 3 oims, =, aEi^Eig *!Eifia>a nation 21a, m§ seoiiai s^s 

E2SQ-ZTOU- Efc 3711, SJaSQ. P^ES 0|2|01|Alfc, WIOISAI fe'Elfi £Efc SSfeE2t2| - STTi 
5 Efc frfiW 5^T«I S?lt!a. 3E|3, H0I3AI S °!E1±EI^ gElfi *E2f AH3IHI TWO s|CH« 
Oil ESsI- = WI012UI feE ESEfe'OI °!E1^EI^ MBE feE eel ?HD-^?1I El=, ?JIO|iil 

3 g«g4fS|01 U1IS01I Sll a 3502 KI3 MOmM a 311 OIM (concave) BflOISAI feE iiSultt 

01 gCHSQ. 

s agsi as gAioq#oi [ks, noioisi hoisai sstms ^ej^^sj^ ^^sji s 
*iei Xioiis mn tt±^mmmm g&kmu. ^^2!s^^- <&\ mohai ss^gs ^^ei= ^*iei 

AHJIMM 215H ifi^liii 9\tt *S^5S S6M0I £!Q. H1I0IBAI feE7|- ^g^§, t^ii 

\7l1scr [tew, dS5r« se ^km-as sboiihsi wioisai ^e =sa>as¥Ei ^sm 

6^1 HflOiaAl SE2h feE= 571|i|# 

Si(SEIS?l2) + x Oi + y Vsi 

SIQ»(tf^*«j - Si, (°!El±Eia ^EI5) ♦■ o 

01 (HI 013 ^E15 feE(Vsi) a ^7li+±feE(OI)^ S^tJOII [DEI- ES^ 5 - StSEI 

01 ^i*<fg°l feE^h gimm H«I50. fe^l ShTtl^lCHlAi o& fe^OID. 

B tfAIOIOIAI^ E 5°1 RTA gSOl STSS .HOI DM CHSIOI *^21 B«2I« 

iSkf a i feE =£iiigi aso. fe^i a*iEi 23 A^^gggoi ^sei= &Ejm^xf 
jaiilAia IIeFaioIS aasra tistiao. «ioihi awisi aiae ««■, e bsi.rta 

isOl 4sl i, $W SSMOI S^^^ tf9|7|8HHJM 800 XOIIAI 2f 4 AJ3 §2^ a 2f 1600 -coii 
Al «f 16 AI3 ^tSEISiEl. 




ii sSiiS Wlf(f low rate)m SSW?13A| K|3M(HIA12J feE2| ^fH S01^= 3EH 

SOICK 

E 9011 Al, M= m± a 0E52J 5t, v H|7f 70 : 30 a IfflSI 01IOI3AI SE ESa^g MOI^-Dl, (b)= 

1^ q, 1 o|2^°i zmtim 50 : so a tua wioisai ^e esk^s aoi?Di,(c)= ii a osaa 
SSuDh 3or 70 a raa wioisai 1e Esba# ! soisd. s± i§e* s?i*foii dki- mnss ^ 

oigfoi ^iijglMOl ««E1A1 OZa SOfe 14: ^Ea S^HHI [QEh ^o| Si^CK 

mssoiiAia e 31a ifi^ii ses, e sa rta^i- s-gs * s^ishwaj ef soo -cohai e» 

4 Al^ Sa a Sf 1600 *cO)|Al 2f 16 AI3 Sa Ix-IEIS *J *.49>JSlO. J OITIAI, fe^l 




E^l S&?^a SHOI CD-El- SPI-iJS SO)£Eh 

EISMOllAia E 32a yiiiil SE£, 7^ S^sOllAI 0^5/S'i ^I^MOI QSS. 1 ' S^HIS 3/1, 
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2.5/1.5, 2/2, 1.5/2.5, 1/3 E|E1/£2| °lfog S3SCF= 21 S fllilSQ- E 3121 LilOIEIS ?I*J- £ 

mt m% sasnHiAi rta3>k=*s§ s ^gasia. £ 5°i rt/oi- *^*! ~, m± mspioHhiai sf soo 

•C01IA1 2f 4 Aia S 1600 'CfHIAl 16 Aia ^7|-5j£S ^7jE|7h 4tS£l2JQ. E 322| 1 

§71^011 msi gn*m aoi^ch 

stm^i ^tfyi si sif, ses-^i, oiyu *e ^ Aia. .ist'taff mms smi rta°i 
sarfs^ wioiaAi fes asm-si, nawAisi uhoisai is 333 on a-i 21 wioiaAi *£a. civ 

E£2| 3^1 £E= i^OM E|31°| BSW5>I7| ^ISfl CH&|^l^7;i QVtm $ SiCK 



E 33S 2£g2I(Rai>P-ip Rate)l BSW9ISAI E 52| RTA SSI ^t»*[ $21 I|3MA||I I ££4* 




an a 101 UEHHSto-. 



SE^i (X/i) 


E|30U12| £*±e4MSj SE (ea/cm') 


10 


2,0 x 10'° 


30 


2.5 x 10'° 


50 


2.1 x 10" 


70 


2.0 x 10 10 


90 


2.0 x 10 w 



E 33 S I 1S¥E1 S3, EI30IIAI tt±*!^S2| £E= £E#£§0| 3711 S^sS IT 4= 

SICK 

E 34£ B»3AI2K annealing tlm)ft SaAI?ISA| E 52) RTA S§8 £9^*21 JH3ftj|Ad2J 
Si7|-^£1 0hM£7^2| SiJ-blsS 50 : 5QS ggS|-S201, S££!sm& 50 t/2g ^gSIKSDI 

61yd i se= 1250-ce assrasoi. ses^ss 33 t/i£ ggsraa. §*iei= ass* mm 

WMW SVfiM. SllOlfflOII CHSKH 800'C(HIAI 4Aia, IHJOtWAI 16AIZT B±ttWI *HHWd ^tS^h 
S 201, 3 1311 2M UEILHStQ. 





EI3CHIA12J Ah^^e.o] (ea/cm*) 


1 


1.0 x 10* 


5 


5.0 x irf 


10 


2.0 x 10 10 i 


.30 


2.5 x 10 10 


60 


3.0 x 10 10 



e 34 s a 2^¥Ei as, EI3WAI 4Ms*«s2i se= oiynAiawi 37ii svs gmm v $ st^ 

Dl. EI30IIAI2I d£q«S°| feE^ SJOIE Itf 7H/cm3 01^01 BBS SS32J OiyHAia^ *!01E 5i 
0IS- StSEIOlOl: tJ-S & 4= 2iD. 

E 35= B«EI2E(anneal ing temperature)l &t[M9\^M E 5°1 RTA SSS 4=tS^ $2| KI30flA|2| 

4+i^si2i se a me aoisch. ai32i ?i5# f ^ei?n bpi rtajj ds s§ sail s 



MWI oHHIAl ^tSSISHDI, 3 l^S X 3011 UEHH21Q. 
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[S3} 





1L| zL\j}\ A1 —| Cf-t^ieS-l c?-x. ^ea/cm ; 


1250 


2.0 x 10 1 ° 


1200 


5.0 x 10° 


1150 


1.0 x 10- 


1100 


7.0 X 10 r 


1000 


7.0 x Uf 



£ 35 S I 3S^E1 S3, KI3CHIA1 SE^ ay§£E(HI 3711 St p § £TgS If 4= SiS. 

D|, E|30)|A|°I SE7I- 301E 10' JH/cm' 0|#0| EIQS SITS2| OiyUgE^ *!CHE 2f 

1250 *c 0I# S*St|CHOt *>t if 4 SO. 0)yDSE2|- OiyDAIZ^ <y-i^l#15J 3-^ShOI DH 

o 2j.g 0 | o, LK E 340, 12(# na^g, SUtt £Eg 44?HA1= OiyHS 

E7h £23 OiyiAI^S 3*711 4= S12.D1, Oiys^E^h W23 OiyDAIi^ 3711 7m 

a 4 sies & 4 so. 

•£'. "36g- SEaEHKItow-dcwn Rate)! £ihAI?ISATE 5°J RTA 5SM -IDHOilAtSl d£4s| 



?AIS1SO. 



0^57^2) ^iJUIsS 50 : 503 £331512.01, SEJ 



50 



g§SISl2D|, CHyUSE^ 1250 ggd1St201, CHyDAI^S- 10£S gSolSO. §*IEIS 
S#*t- 5SMAM SSSK7L SIIOHHOfl CHSKM 80O'C(HIAI 4AI2h 160CTCCHIAH 1 6AIZJ- Sh 
(HI A) 4tSera201 , 3 12H S 4011 UEH.HSO. 





KI3CHIAi2J i+4^S#2J £E (ea/cm*) 


10 


8 .0 x 10 s 


30 


2.0 x 10 10 


50 


2.2 x 10*° 


70 


3.0 x 10 10 


90 


3.5 x 1Q ,Q 



5 36 *' I 4S^B) fiS, EI301IAI #±*!gM2| SE512MCHI 37fl S* f l &A| S?g§ I* 4 

2io LK 2£si^goi ?is(hi co-Eh m3MAi°i ^4PM2j a± m?mm y * so. 




(b)r li H OhME*^ gWL (c) S:£?K± 9 4 ±71^ (d)z 
4i7Fi M?I7I§HHIA| ?JI0lffl°J i+i*<Ml feE ESKh^SS UEItfD. 

UliflSJ 7151 g^oFTfl SPI 9|S|0L ^ g° CHI SlOjAi, RTA a g*1EI£ S§£2SHHIAI 
4*»EISO. ^, SE 1250-cCHIAI 10£^ £ AIS|-S<2D|. g*|EI= SSth Ul-Eh S"0|, a§ SllOlfflOfl 
CH&Kfl 800-ctHIA) 4AIZe, leOO'cOIIAI 16AI2 l^MSPI SHWAI 4=t»5hS20t, 3 121g £ 9HI UEH-H 
SO. 



m sj 





lII30j|A|2| 
SE [cm'l 


I13CHIAI2J tt±^m 
SE [ cm '] 




CItE^SJ s 
01 [a« 1 


COP 


01=5 


8 X 10* 


8 X 10* 


50 
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6 X ICf 


6 X irf 


60 


£1 




3 X 10" 


1 X 10*(2MWI) 


0 


SIM 


1±/0E= 


2 X 10° 


5 X irf 


IP 


set 




1 X 10° 


5 X 1(f 


15 


fee 



ISKHIAI E 521 RTA ^tStMl ma *!EI= SII0|It|2| 3ES 

reci P itates)2| M$HSrSS ggSPI E20IQ. ^32S £3i££?l| 
i= ^Dic «EH2J CQPI= 135 "-EKjllEiK Octahedral) H0IE2| ^EHl 01^ 



E lis Or==:?r± gWISHHIAj 

COP(Crystal Originated Precipitates^ EomrtfB ao»r/i -nt: -^w.-i. « . -4—^, — —^-i ; : 
Oil 21*f°j522AI SOIE SEH2T COP= ira*! ^EI*IIE©(Octahedral) H0IE2J *EH1 Oh 

re aOl c f20a)2J LH^^°S^ ^BIE^SPI(22)0I ^SSCH XEr. 0E=9|-±.E- 4=49r^S E 5°l 

i^in ma- i #± *es ^eoiiai jusasQ. crew. ass-s^Ei t^s agigisi is 

3| tf± £EE ±S2| £Ms g*HE(E 1101* 'S'S X|A|g)l SCH j&SaSD. 3&LK 81 01 id S| £S 

sshhai £?i tf± £E= aioiiasi asm xmtioi tr^sj ois-asass sskm 33 1 » U 

E°S ! 9} SCTLfaoScE «B. aoiIBSJ i23S2<LH01IA|=, 291 SffiSrS HO|E(20a) 
33HDI, 2?l SO|E(20a)°1 IH-Ofl ?EIS ^ArO|E#(22)S ttfftfe H AK8 SO- fth ra ?Jp!^2| 

E S"HQ W?\ IBISOfl, i+i7r HOIE(20b)LH01l «SS 23 = - ^ AK) I Ee ( EA| =-£!)££ ^ El 

-Mia. saiwseiIoi rta slum aW^fcsei sH-sea aa*-?a sae ejsioi 291 

HO|E(20b)2| LH^Oil JOSS El. §2I*!2S, 291 HOjE(20b)2| 391= SisUl DrgLH AE12Q. 
291 COP m Si»S 2!*KM. £ BSM D}S RTA SSS 0)E^rAl SR°I SJIOIfflWI !J*HA1E f &S £ 
£q. a 501 Ai HCflXISOl, OlStt COP SSfe 01=5 7\±M A^= iJHQ 9r±l ArSor 
= 3^ SSS 4= 21 Eh 

E 12 LHAI E 16S E 1021 ii^gl SE HSEHJg ^OTEB, 271 RTA SSS 4^«J- $ 4^ ^fl 
i= 2°, E 13S 0|SS9hi§ Ar§5fe g^, E 14= ^±3[±W ArSofe S?, E 15= S^h^S 

•si a^ol 9jioia°i 2SOID). ^*oi sisg LiayiQ. 

c I? i hxi c; ?i° c inpj Afiflaf fee =£li§ jmtti 291 RTA 4=^tJ- $ 4^ s*l 

§0| 7 sJSf l SWIH2i S3 SJm MffW Il«l«8 StI EI*E#°T 2011 UQLH- A>g| 

OIQ s«l E 1?s SA9^M AhSSfe 3?, E 18£ 0r=57h^l AhgSfe 1?- E 19= ^^91^ 
I^LgS 0 ^ 2g ii^l g 0?iS^i AlgSri 8?" E 21 S S±9 r ± * ^9fcil 

ArSSfe l?f lJEW!D. 31501*1 E UEItf dr2r 301 MWISWfc U^ESOI 9121 »HEI 

AI SEW Sf 4= SiEh. 




lift" cow saw wis ti a -4 ~&o. oiatt a^a^a. on^^ifs 2ehjiaj cop 391m 

if ^WLiM E 52j RTA S§ S8.KHI COP^h Mt|EI013Er= 2m ST * S4m 5iO|E r . 



^*Hi|i= t« a«a ArOieoii s\n ssa- ^*fs§2i gsg micho^ 2011 

20IET & WSOI 0» RTA SSOI ^tS£l= S&Oil 3*11 SI0IIH2I =H|£r RTAOfl SSH^^S.S!ga = 



AI IJBP!££ 4=tS£l= 

M av g01 | RTA 

A|09«Oi EH5101 OISHWAI flSftfO- 



E 25= S BI22I ^AlOlieOfl C0& ?JI0lffl21 =UIM UEH.H= SS^AIESAI. ^Sl, 1S2S(S10)OI J 
^HhSjoj moifflSjlFSS UErtf 20ID. SS.^2J 5>ES|| ?J|0|ffll Sg2| 3HSfg §-2{ E^UiMIOfl ^ 
*H 1985M 'Silicon Processing tor the VLSI Era, Volume 1, Process Technology 2| \ 

i, mdm 1 LHAI 35011 2A1ISI 7HAIEI0J _2l£OI. 3 7HAILHSS aSjSBfiOH S SAI./dM.ttll 1^ 
tlEf. E 251 
SSrS-TIKSIO). S3 
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EFSSSCTU *!^r= *|2IEPII'(S14)S 5*>t!£r. 0ICHA1 0EK3|£2| S3 Oil CHt> XIII MISB71I 

(S16)S ^tUtU ELmaS7||(S18)7|- OI^OWII, ^EH'^XPf ^gl S0IIH2I #31 iEl^n^ 
SE|£)B7fl(S2Q)S|- MEI2S SIIQIitlOII CHS!" HI2 AflgEPlI (S22)^h 0|^CH2 ^, fi|?igEIOiSCKS24); 

B £ AIM Oil WE E RTA Sg£ ELI SB (Donor KM I ing)&7|(S1B)WIAI «ttirch B 

QB fe'AIDlKHl HH1- RTAM ^E£ ^tBS* ^> Si^LK 371- ^hSWIAl Eld US &7«0ilA| * 

WhS 201 Hr^orCr. EUHBQIEJttS" £EI5 2J5^011 5*^ §^EI£ BKEa 

4ArE] SDSTjUSHAI 0IS2J §EHS S^KH OIS^SS §£M(HI CHoHS ELICIT! V 4 a7| HUSH 

o\m &wpi m\o\. oi ei moimsjihsogAi as sin ^tSBrOi ^iis sisdi?^ araoiEi- sr 

4> a^DI, *#*j£S RTA SdlOBAI ef 700XMAI Sf : -3Qi 0|# tfAltlCK 

#71 isss(sid)oi oi^oiai- sasAi, e 27^ sehej ae*sie! z^m±9\ mum thcpi^m li- 

EH-H^ ESOIQK E 27i S3»ra, £3»±?l S£1(100)£ S(furnace), 1§ 2J#Q1l?rU§, 
71 5! gSEISrS XilCHAI^gjl- StJiKIh #7| iHt^l ^~ giefa|£3 *T£ £(hot zone furnace) 
Effl BEI«aQ. #71 SiS -S& o|E1(104), 2|*£ SWQia- E7HJ(106)> ^2523 2SQIS AISEi 
(108) 3 EAIS Uf2f 901 HI 8t> p (112)0£ a»fe ±12^.(110)1 SUCC*. 

a^na e= azsM(i32)7r ^aai- as g« a^^ew ^etoi a^aa. aasaaupi- 

2! aB5t fl«fl?OU 71^(102)01 8S4*S9 (116)3 #2 El 01 .Stf ¥7r3°j m^*m MStiS 

u. 

#71 as e!#M?HJse eais 901 hm stf(ii2)oii skhei^ *02 b»ki'22)ss aSw-4* 2* 

£ §Sei^(120)l 5*1*]CK #71 SS2#3K120)S n E^Ofl MlESa(120a)M -StlBO, #71 Ml 
E^Qi(120a)^ A1ESS(124)# SH E7 r L|(106) LH°1 SStfEI5(126)3*EI eiSHQW 95 

(128)1 ttfiMJ. 

:#7|:S3 JaOIAliHS sSfcH B SHI (130), a^lH(132) S EAIEIAI QhE S§ 310171 S SS, 

HH^iAi^gi satm. gsEisia aicHAi^s^ m\> mei s s^i^, a^es »i 

■OIWI m AF^l ^ SIDs 

£E1£ SSAI^PI ?(uH31> A|ESS(124)S g§SEI&(126)SF g^ol-Dl, §7*^2: 

s ^g*f(&^)^s eife^a. sas ^eis^ssi gg^Ei^(i26)°j a^t si n^a= 

(128)21- S§*!EI5(126) AWI°| S 711 (131)011 A| aOiyQ. E 27011 EAia m\- STOI «7I 3*1(131)= 
SSSEI5(126)0il CHoJOl S^Q. 

Ll, s ^S(M EJt? RTASj ^AlOliee sigoKM E 4011 A1£h SS fllCHS ^^#1^1 feE ^E^M 
21 4= ^EIE SII0IIHS H71I 371-735 CH^ ^ 2iD. W, & ^S2J ^AIOIIMOII CD>S RTfe °J 

E^Eiaaa a wioiaAiasiah a-s aaoi s^HSfxi ^ -iii^^fperfect) aoim:, mi 01^12:11:^ 

?IIO|it|2| e^^S^EI a§tt a^3LH2J M □ 1 2 A| -El xl S °H vacancy- rich reglon)OHSJ ^^EIOI 
WI0I3AIS^2J £1=011^ °]Ei^EI^S2l 5! W10l3AISni7h 'AilO|lt|i«M(seini-perf ect) 

9ioiffl', -mofsisi saw a^i eiei^ei^sii.^ ^xh^ct mioiaAiaaa- ^H^fe siohhwi choF 

01 4 aQ. HE1LK S so^J ^SCH^OI 1 ^ ^I0IIH= &TEAI OlOfl «Sa= 3S= OKJ 

01, B ^SS #71 ?4IOIIHM0il tfSEIS 2^ 0HJD1, B ^S2| §JE|7h ^ 2J£ ^EH^J ?4I 

Olffll *tm 4 SiU-. S ^AIOIIM^ SStl Hh2> gOL B IT20I s*SS 4= 2A= ^£15 9-1101 

51 Oil CHottH E 52| RTA £§M ^AltJ- $ a^lEIM ^tSt^SAM E 4Eh XHOiS t^SM2| 
^E =£103011 CH^ SOIQ. LhB COPE^ SfSS|-0| S SS2| fiAIOIIgS C0P7h g|0|fi|2J S 

3S^LHQH^ P^E^01I~ .COP7|- SXBSW Sfe ^Ei^ SIIOIHM SeSlQ. 

^EIS aiOIHOIIAI IS-l ^A|§h7| -WHS 3S«§AI H^E2| 95i X1l^r7| ^Iti" QStt S=?#OI 
01^0173 StHQ, §§l A|E1§°| ei^EEF ^50)|A|2| SE^HHM MO\$fc 7|Sp| 
2iD. SffaSfl|7J Tcj^ti- 'The Mechanism of Swirl Defects Formation in Silicon '(Journal of 
Crystal Browth, Vol.59, 1982, pp. 625-643 35°J a^E(V)aKa5-SS^EI5 B^BHAiSI S 
E^bH(Q)HJ 7H1 CH Oil £!tf 7l#0l IT 7H A|E|Oi 2iQ. EtN 0|fi2| . SSOI S ^ h SAf#(HI 2JoH 

I99W Hi 25^^E1 29a AfOICHI a^j ^EISMSWI mi tF«B 2W7ls01 CHti" X1I2 ^ ^X1I ^|5A| 
g(Second International Symposium on Advanced Science and Technology of SI I Icon Material )01|At BtJE 
£i ' Effect of Crystal Defects on Device Character i st Ics' Oil M ^OhM ^ SiQ. 01 6011 
mi V2| HlfOBh V/6U|)7r S70Ur(V/8)* OI^OilAi^ tHIOI^AI -ElXlS^OI SSEIDI, S711bll(V/G)* OlSh 
(HIAIzr 2iE1^EI^-€|xlS^0| SaSS & * SICK 

mq ^x-o^s tfiaaa. e 26^ ^ei^ a5(HiAi2j #ch^ saa- mseei- v/asj &70g lkhh=.th 

HEOIQ, E 2601IA1 MOIAI^ H r 2h &0L 95SSAI V/67^ S7JS (V/Q) *OIS"0ilAi^ WOlgJAI-ElflS 
^01 SSEIDi; S78 IHlOiaAI^E Cv*OI.^(H|AIS WI0ISAI22I7I- SS&IDt, S71I e!Ei^E|fl*E & * 

oiui-oiiai^ eiEi^Eia mm^&sm ar ^ aa. e^sj- e zbouai (v/a), ^s^ei (v/q),*pw2j 

ojEi^EI^ ltM(^ H7l°j S?IS)2! B^HEM UEUHCfl, (V/6)^S¥E1 (V8)p*})KI21 
p.S.F g(g H7I21 ^Ajgf)0| p-HHEf Zf7| LiayjD. 

B £ AIM MS 253 SAI V/67I- #71 B-fflE S P-SSE A r 0|°] V/GUli It|«!E ?|| 

0I3a, #71 P-SHES £*re^ V/6HIS ?>~ AIIOIEtl^M S1I0IIH S S7U WIOiaAI^E C ^ CHI MS^I-S 3 
711 V/8UI (V/6)* 0I#(HIA1 V/QJI01I 7I°!§H31 WIOIS AISSI7I- 301 H2| S»W ^#E|~ SJ0|it|(HI 

^ aa. 

*m, b sasi sjsch#oi ei^ ?jioiitiej ch^m siioiih si Aimia^M 94101111011 chuioi^ oitj-s^ m 

t\m^± HI 08/989,5912 S! 3011 CHtt CIP(Continuation-ln-Part)aS2J HI 09/320,2102 ffi HI 
09/320,1022011 ^ 7HAIEICH a^DI, B »SAIfil- «W HtWtfe .SBSS. «Hl # 3 #A1I*J- «er 
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E 282 &\ CIPMaiOil WAI*! *31fi?l gEll U£RH = J&EgM E 2?0fl ,£AIJ! *3 

9±?riEi2i- Hiiisho) B»en(2i4)a jhsw- aoich e as aem fl-maa.. thws ^ai^?i 

Ih^W «H(204). E7H_I(206), A1SE1(208) 9! EAI5! bltSh 901 HI »tf (212)23 slSofe SS 

« (2id» sttreio. a^nsi(23Z)» a»B»(2i4W¥7we! g^sg astin, ?n«i(2oz)oi 

gS4=gS (216)£ .ftZSICH Stt ¥7hS2! gMEg HBtlSQ. 

#71 2jg °!#M;>HJS£ EAIS! UlSf 901 SM Sttf212)0fl fflfflgfe Wj ! »W2g)£S £129 MS| SI 
£ lSa#*(220)g 5tJt}Q. #7| gS2!#SK220)£ 3 9*01 A»|E*C|(22QO» i^Cf. #71 *l 
ESOll220a)fe A|Egg(224)g S3 SI £01, E7H-K206) LH2| §§*!E|-(226)23¥E1 9 
5(228)1 *«ttO. 

»g HIOIAI^IS gtH § §111 (230), L J^H?J(232) 3J EAIEIAI Dff XfOPI 5! Sf 

S7IA&1I lakEf: alaiil AoiaUhs #7i m. ga a qs S7is. jitis s±gg 3 

0\W\ m MSI 4= 21Q. 

Big SEI5 95m g§M?|7| SISKS, #71 AIEgS(224)£ 1§£ El 5 (226)21 SIMKH, SWS2 
S »««(§<»)SS S#SQ. BIS *IEI5232| #71 g§£E| = (226)21 £2* S! HgSte 95 
(228)Sh gS£JE|=(226) AKD|2| 3?|(231)MAI .S0)t!O. E Z72| £31fcgl »EJ(fflp)jlF HliMKM 1 
ME!*ll(214)LH0il g»9*ISS(234)g □ MKtM V/82J 2I3g 2D SgsKHI 21010 . 

E 23= S 992| gAI 01101 CUE!- 7Hlfi! i39±?l gEll UEHH= THEJEOIQI,.. E 30? a 7HS£! 2. 
E 300fl Af M01KI = HIS* 901, gME!sl-?3(300)2| ^#01 gXI92-(360)0| 471-SHM Q 

las aoia * #7i gM^&s(3o?)g so- sss mqeis *^ssai uh,^smi- 4*i°i lh«b 
«gtt^a«iC3io)-va .a*a*ia«K9SHK330). ^7i aH^g^E?©t^s^(3io>2h.a^g%tw^s« 

(330) : AK3ll '&g5fe g7:e6^S9?H(340) 3! gat^SU^(320)g' itteh= D^EHS '?*=□•. 
0)71 M. #71 g»95(-?gg?H(340)^ #71 LH^gxf9S^S^(3IO)£S^E1 #7| i|*g*IS*M?32! 

(330)iiCT 4*Ela¥5 psi "Wi #Wsaw silbi! #71 g*fe*^SH^ 020)= #71 ui*g 

7;eS^gw(3iQ)o £ ^ Ei £| "gxe^h^g^ (330)1) W 4=S22£¥E1 a2| ShifgAKKI 

21201, EAIS H1£l- 901 AOE1M «## «#tta. 

#71 H«2| g^eS^9(330)LH&il- gg^gl(EA|2tl!)0| LHSU ^ SiSDl, ?^HIE[0|MS tJgl 
4= SiD. 

E*K gAieS^l (300)21 g*tBS^SS5H(340)2f a^3B 5(232) M0 1 01 Ad #71 °!#£l£ 2)52) 

I iEWft g*l35(360)0l ^UIEIOI. #71 gM9€^S(330)S A|A|^(350)01I 2|^H 7^(216)2] 

#=<hi nsach 

c 29 §! E 3001IAI ^01X1^ gEI- ?J52| ys^ES Uffl-s^ ^ 2iE^ 7HlFa ^201 

a. a§a_ asLHwi . pwfe_saoi ehsi Ipfe.a&sss, as-g sf as 2 tom ai 21 ^71^ mi 01 saj 

ssssai asuToii soie 

*Ei M5BEI011 4= SiCK 

[QShAI, 01 & US2I ^SOll tt)Ef SJ5LH01I S0IE.2J 37IS g0|7l^ 91*1 9521 19^| 

J=S5fA|3J0t t!0. ttB 9521 L J^E7h S7hSI3 , £!#£!= 9521 g#^g COSh SE?HH(6c)7h 
^AWI Hffl ±§2| g*%f f SE* V/8M gSSW 5^ 3? 9521 2J#^EE Uft=7J §Q, 

a "►gEI ^AKHIlOfl [0=3, #71 95-gS^EI= S?1I0I1A12| SES¥E1 #71 952| iS2J SEW 
XI L J2WJ?I7I 9ISI-0), #71 5#01IA|2| 2J52I SE01I 7|iS(01 #71 952| a^Si SO)E 1 .4 • • K 

/>i/ f oi#oi Lies [7s5e #°i lh «?i ^ 01 0)21 901 a - sj 2i^g*Em^s^(340)2i a 

01 c', lXhSS^gS7H(340)2| SAh^ 1 * ' 3J g«S*I^SUR(32q)2| #71 95 

(228)oela u5aSa«i^a«i(3io)DOT2i tiei -d 1 , #71 E7HJ(a)6)S¥Ei a^«ssi?s^ 

(WiraiT 71EI T, #71 LH^gME^^S^(310)2h a*a»S*^S«l(330)3)WSl 71EI e" 9 # 
71 g*te5(360)2| ?|7:l7f $ SACK 

E 292| gEHOHAIS #SEI= 9 521 a^E7h 371 [IJgOfl 2J#^Eg DH° 37fl, Oflg gOi 0.50 
^.inoU 1 .00 w/nin S Ek 7^9 * 2171 101 SOU 9521 Jjlflan E fflajSH^ 

^51 gEfOflAl HI 5,^1= fflejE 5501 IHU «I0|IH«!M SlOlfflg 95 #SA|2| SSO^E »MS 4= 
SICK 

2Mf S 9921 tJAlBllMs QLHOll HgE S/E= 2Ss2| S5<s|Sg 3^71 ^loH SSt.1- ^EI5 





SIlSiTisSV? a stT wassTsfi-^Tf ication) ses ^Ma^H ei*« ;-v«h 4 sick oi 

ytrh igi £ ggoimtsfciEl SStIS iM12| Sl/E= 4=g01l 01^' 4= 21 

D. 

Q^U, 2#S Ul£l 901 ^EI5 SHOIfflgS RTA SbH#01l H^oW SfS ^EIS Q10RAK3IE 

3Sl S£iN SICK ksi, «0|B|S¥E12| MSirSPr E= Chi ^EIS PO|=AFOIE(SiO ; )= RTA g 
S SSfOO §99 4= S1201, 3 RTA Htf#CHl §*!9 4= S!D. RTA SbH#2| ^EI5 ClOI^AIOI 

E Stfe RTA S§2| Si, da# 9/E= XflS#g S±AIS 4= Si^D), RTA gfcHOl! CHtt ffl^ «IS 

a/ES J3HI g aas swi 9 4= sick 

53-12 



^2003-0002300 



§2°) £A|0ilg£, 3911 5! 3912 III 3, a #71 W 3 M2 K|3 AHDISJ 3JilOIHSe?g ittfr 

i #7| IfcBSw *E EsWs SM7I 9f«| Aj^S RTA 3301 SSt> dISJ- SfOK 3±_3 01 





2). flSOIIAI 4*J1 4 SICK RTA i§i WSMAI $tttrSS«. ^§21 Sf 3/E£ ££15 Q0W 
AfOlE ^sTig ^ SICK HEM, #71 SII0IH1SVE1 flStSJSr S^SISgei 41 a 

aiSIS^ §7fEIDI. aiOlfflSl 39jS,KW CHtt Sftf UISOI 2f41 ^ SICK 

s wasi Aiotttoi msa. »i s 3912 ms, #71 siiojasi #221- w nj3 audi 3 abia°i 

S192I- J9I2 113 A10l°| □ 3 3911 113 3 3912 HI 3 AK)|2| ?!3flOIMS^s StJSf= #4*!§§ 

si "Iral ?te 4'e I siomsoi ssth bits.h voi nsw 4 sick ^au, e. »32i ^aiwis 

w - - --- -- — -'^ESS 3LHM SJOIE -*fU2| m 33 S SSS 

— 

501 

$ u si2tST5LHSAi ±7mb\ i^i'^i, ss's/Efe'asi'sii a.#t! 4 sick p^lk * 

ifs e?Hxl gEI(STI) S3#0| 94I0IH2J #321- S1 1 HI3 #0I°J CI4EECHIA1 «g§ 4 212 

5. tfJSwiio I? i sti aajog-ej aa gois gee siionasoiiA^i §sj*i sti s 
«s2h a\myo\ S4S sti gg§ jjsck ummm=. #7i sti s^sg sti ggoi sxiiSrAi s= 
ck 

GPU, £ If32l ^AIOIISS #31 RTA71 sail Hf2f »S ««^« £E SSIMIf S3I Wfl 2f 
1100 xaTsT 1200 'C AK3I, E= Sf 1100 *c2h Sf 1150 *C AH3I. E= ef 1100 «c2f Sf 1120 "C AfOI, 
E= Sf 1120 -cOflAH 4*31 4 SiTil ?JCK 3E1U, XISOilAI 01^01X171 IBIgOfl, #H0| . 3#*LUf2h IT 
01 aiS 4= 81201. tfEIS'CWWAHJIE tfBPh E£ 391711! 4 SICK ; • - ■ -• 

= « a £A|0|I1£ RTA Sgg SJCHE 2f 5s ^ 1100 'Cll 1200 *c MOI E= 2f 1100 

♦c2i er 1150 *c Ahoi, a= 2f iioo *^ 2f 1120 'c ak»i, e= 2f ii2o «c ww oi-g^ a s-euoig 

itfefe M*|3IOttA| S3 S t13# SllOlfflWI CHShOl 4*J£!Q. ^AIMOIIAI, RTAg 4«SPI 




S SAIS 4 SiCK RTA? I- 4*J3 01* ^SUOK IB #71 gWIS^E) SI All 4 SICK 

OiEll isfc S£ OISHHAJ RTA 15LHLH04IAI 800101501 CHSW 4*S1 4 

SICK Sf 1200 OtSh 2f 1150 t Oim Efe |120 *C 0151°) £E^ Mfl 4 SiCK .CDO-AK 
SbH2| AIIS a/E^ JZflSI IfiSOl SiS 4 SJ^DI, 391711 4 SID. oHJS| ii WMAI^. ef 

1200 x oi#2j sechai 4i a a-auore Ai-sshoi rtas 4ts^ on, rta istH= dh mm mi u 

S»ra 1150-X OWhSI 79SOIIA1 RTAfe 4*JS1& S ^Altffl^ Ol^Ofl 01 M= g°t AIISS171 

u RTAi»bHS laaw ia?i as 4 aa. 

E 37^ e tfAIOt'fiOl [05 RTAS .AJZVSE ESIO-SS UEiyi ^HEOICK E 37M EAI 

S RTfeigl E 4011 EA|@ gaOIQOV CH*> 3121 §1B MAT** 5£EH!g 5S 4 Si2U, #g0|| °| 
eh ^Eai^g gfiAll 4 S2D1 CIO|^A|0|E°1 ^thg S4AI1 4 2lCfe « 4 SJCK 



E 379 
800 € 



iSI-S, A|^(a) 012011 ?|0|itl7h 3. SE7F 2f 10^2f IJ= [H3|47l(l) Oflg Jfpl 2f 
— . JSi TSEH^V* RTA , sa ^ RTA gH) E= S9SD. 01 A1& g°KHI 0^=01 

RTA amiMS H5C1. D^U Al^(a)2l- AlZf(b) A10I21 tO&fTW) m°M SIIOIiHS^EI . 2IW«qut- 
d ffSSaTIU 5/E£ H^AI Sf«a RTA i4|7|CHI S39IS- 4 U±2 DIWPI it|A|71 
4*J1« 4 SCK #71 i+± IHXIS RTA SES 10i §E2| ±§°| Al ^431(1) §°t [H3| *=M/d 
a°E^l5aLH2| Ahi feE^h 1 ppma OISI2h 4S If OISS 2fc££l= 21 S SXIS 4 2i= S!AIM 
RTA SaLHOII JiOS«®S«l 4«S 4 SID. 

E 37011 CHtl ^SS 711^513, ^4 fflXI 471 (1)^1 SCHIA1 RTA S°l SES Al 21471 (I I ) §£1011 Ml 

& a-EUOT A|5tS SE#^°I AJSf OIS01I, Al^(b) OI201I gfflfe- 4 21EOK Al^ (b)2J 

( c Umi2J g£#6 S2]£| CHS BTflCHIAI ^Oiy 4 212DI. Etl A121(c) 01$ !E1 RTA gE7h 

SiCh 

7J^ E 37g #71 RTArr AI21(c)2h AIZl(d) AKJ|2| AIZ147l(lll) Sf 54 LHA1 V 305 

S21 °AISQ. E 370IIAI MOIAI^ Utlt ^OK AI2147I(III) RTA SES HHf^S|?il= 2f 1100 'C 
LHxj if 1200 X. Ei= 2f 1)00 X LHAI 2f 1150 *cO|Cf. DS ^AlWIOflAI #71 RTAS 2f 1100 *C LHA| 
Sf 1120 -c AHDIDilAJ SAI1ICK EDS ^A|0fl0||A| RTA^ Sf 1120 'cOIW 4«SD. OlEltl RTA SSSS 
if 1250 XOIAI RTAg 4fJ81= SStl E 5 a Stlt 01 a 6. 204, 152 3 5,994,7612011 THAIS 

2121 H° CtE S2H2I RTA 5§g2f CH51 4 SICK 

E 37g M^SKM S5JI3, RTA 50IIA1 SES AIZH?7I(IV)(HIA| MIS 101. 2f 10 X/i a TjUc/U 
OI?J HI#S, MCI- UfS5|*CT= Sf 33-C/4M CH3I43I(V)DCT 33 o I ai(SEjyfS. ramp-down )5JO. 
UfB5|«Wfe SaUOISJ Al^(e)2! SEiSfS 47I(IV)2| f§JOT SAISCK Sauoh 2 
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§s gStRf 57KIV) S2»- E= RTA 551(111) §2!- SSI * SO. CH7IS7I (V) S2MHI UhS^SCT 
= 2SLI01 fflXPF Ofll 101, AlZKeMHIAl SOifO-., 3E1U, asUWOWfe SChfSl .MPjUTjLJ. 
fe HM 8101 Sfg 4 21Q. HtENWIc, gB 3HU0h EW7I- 4s!EI=. SII0|ii|= AKKOWAI 
RTA SS^EI 

s g«oj ^AlOflKHI [0/==, EE 372| RTA = SEfS5£ gU a/E=. 4+± £t1g gWr.a/SE= 
WITH-" * 2i= £ 421- fg*f bie^*f MX|§ £E SJ?| ?I*H Algi! 4= 2iO= 2i 

E 3721 ISSE g$l = B£3| M1A|S}°! 210IEK Q^U, B aS2| flAIOIOI COS RTAOflAI ?\ 

aoj og ssdL gE#£g , oiyg^E, oiasAia- a/s= ^ESfsgg oishhi 

ai ^sei= vm iroi s 4M c&e =£Emg 27i we - ssi * 2iQ. 

E 38^ a ««2| -tfAIOWOI OHJ- Oia^l 5^ Oiyg £Eg(E 372| ?7| 111)011 WstOI, E 3721 

------ — — - ■ - ■ — — . . _ , .... — — •- ■ «-« -v. ^ a .. , i i o^Zh 




t) 

iE(^,"fiior?!A| i'i^i a 2!E1iEI^ liM) (ilia BM0)21 All a *II2 SI 3 AKJI2J gj?1IO|!=! a3 
S^LH2J £|*| S^Ojl DM BMD(13 BMD)§ £01?= 3EH=0|Q. 2f BMO. ^§21- APt«§£ E. 

42] CIVE52) SOIS UEKSCh BHD gtfgS gE(ca ")S £A|S|(H, lO'HHSIOt 2flS| (cm"' )£S SSS 

E 38g SEESra, SfCH#S 1220 *C2J gECHIAI 0^5 S 1±2) S$PI0)|A1 Sf 23 a«2| 

SOU ?>= OZ, Sf 1.4 x 10*2) EI3 BHD S Sf 1.2 x 10*2| g3 BMDi £0150. E 38011 AI 5101*1= 

uia.Boi, hi**]- ^201 sf 1120 -con ai oms a sjsuoisi bspiojiai sow 4. so- x ikw. s 

lA^'SlD SSlUBlBl, 01== f ii B9I7I7K AhgS -EMCfE 100 t : .y§ 1.120 *C01IM SJCHS-.4: 
5"Q. Etf E 38g- 0Z2| 301, ^3 BMO a El 3 BMD7I- SE2J 4h4=SA1 HI CHS! 4 2AD= 218 MCHS 
Q, °f 1100 -Cl[ Sf 1150 *C AKH2I a3 BM021 EI3 BMDg ^CH^^S i-'gSFTII SX|A|?|= 

SOII DZ2J SOIS flOW 4 21Q. MIM MCH, Sf 1120 ♦c£^ 2f 1170 *C AK)lt»A| 0Z2| SOL EI3 1 BMD 
S «3 BMD^ feHJSj^S 2 E011 2|5B StFS 21 °S UEfcf ^9. Sf 1100 *c21 2f 1120 *c 

AJOIMAIfe 0Z2) SOIS £E BIWstm H±t[H. E|3 BMO ££2} g3 BMO feE& SE S?m .VH 

m?ma. 

E 39= S B22| tiAIIHIVOI COM ^i^Siei CHy§AI^ 2JS«g UEHHS □HH = 0ID. E 39011 Al 

Mows bitEh aroi. oi== a aauoa sir Aegsra 1120 xsi .gyasEWW. -jas m, 1 

3 BMD S OZ a 0| 2| CH= SE 10i LHAI 302 AfO|2J OiyDAIZKHI ZfSWI 2|£oOT 3= LhEh 
istCh. [&EW. 4Si+Sm §?1-AI?PI ?l§h01 10i°J CHyDAI^OI dH,^ 20|D. 
E 40S B ^S2| tiAIOflSOfl tO^, &EU0HW CHSJ- oe = 2J °KU|011 CH*r^*!#S2l 21SSS U 
EHH= Hai=0ID. □SHSWIAI MMXIfe Hh2f ifOL as S?121 dlgOII IS f/ELIphOII CH*K0FM52| 
°§Ui(HI Pitt EI3 BHD, 13 BMO a OZ SO|= 3SW 2|£SCT 3= LJEfetQ. 

E 41 s E 3?2| qiZt I VOW SSSmSOl CH*t ^i*1SS2| 2| UEH-H ^ OEH^OO .39101 
M aoTAIS H121- SOL 2f sg- 1O-C0BA1 Sf 70*cCHI 0|s^ a§ «o|oj bUSOfl §73 SEoUfgOII 
CHtt DZ SOI, El 3 BMD E= ^3 BMD2I 2|££0| °f2J- 2— S LfEI^CI. 

E 42= B SiS 2| ^AlOflsOfl- 
-SA1 El 3 BMD21- a 3 BMDg 




PPmaS gam 4 S!Q. 

fiSfSI-S, E 38 LH XI E 42= SHUOf H 01M5S S*mi-= BWIg AhgolOI, E 42) MATS 

|g SE IsEfiJOl 1200 XOlfh, 1150"cO|SK 1100 X LHAI 1120 X AHDI , S/E= Sf 1120 *c21 g 

EMAJ SOU 4 21D= 1220 'c2h °f 1200 "c OI^2| BE01IAI OfM= S S^HHW gOJ 

aS2J ^AlOUss AtSSHJI S« S tfEI= QORMOIE £W\ CH©?1I S^IH. dfg5|§W= 

sitiei= A^7^ aoii 2010. 

B aS 2| ^AIOIISOII DHK iH a^2J gfcfcg ^S_5f7l SOIL ^S2| 7ISM CHth ^SOI 5CH| 2101 





Sf S9IOIffl2|_ 

f [SP ?|0|E|2| l "^3^I$Er 2f ^O^AtreJ"'^ 1 bl61 "0|§i>ig[s I ip~f ree)S ^ g ?iSol~ 2101 dl^ 
S|«Hlh [&H1A1, d^3£S^E12| ai!OI iAf §^25 1CH7W tlO. ggtWIE SEH21 RTA 5 
ggg A1^Sh= 40 ^» ^Sg SSIg XHSSh= 2101 =gf« 210IQ. 

E 43g 01=5 a °^SL|0^ B9I7IS AHo1= B aS2) RTA ^AKfllwOll CHtf SE CH ?JIOIffl2|_d(SfS 
WIAI2I #g SOIg UE(LH= 3EH=0|D. E 430U1 ^01= ?*!01l UEhti! ?J|0|ut12| All 
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9\XMM mtWQ. 0m £1*11= RTA S01IA1 SllOlffl AIAI *lfl(W OlgSrfe 501 Q. flit AIA|5!(I)£ 
RTA 3°l 7I± S^Ofl °]gShD1, £I*IM(2,3)£ 7^ S^S^EI 10173 2JQ. E 4321 ^(HlAi S 
01X1=- 2£ Oh5= a H±2| M*I7|01I CHfJ- m SOI ijgXJOIQ. 

£ 431 O^S 5! 1^2| gSPISI-2] 1220 ♦cOflAI, 3.5 iwt£J S0I71 SIIOIiHSSI ?|X| 

(l)OilAi 20)1 4= 2t°D1, 01= 4= 2Jg 501 SfSSI CHUI2I01 Zt±S SE 1120 'cOIIAiS 

1.5 ram Omsi go|^ e ajwo, ronton [Q-S 0H5 S giSUOrl AfgSIOf 2011 4= 
?||0|It|2| HRMAI 1.5 mm 0|S r 2| ig SOI£ .40 wrJJIAl SllOlfflSI ^(HIAI ?iS 33s 2M ^ 
2iD. Ca-EhAt , SH0HH2I ^gg ^SS^OI 4= 2iQ. 

E 44= g ^S21 ^AICOISWI [05 SELIOHHI CHtJ" 0E£ 7h^UI CH ill SOU UEItf □£H=0|D. 
3EHE01IAI fiOIAI^OI, 1.5 ram 0 IS 121 ^SOI Jl±ti\?i a= e?ltHI SXI 4= 

£ 45^ S ^AIMIMOil [05 SESISgSJ t^SAI §g SOIM LIEM 3EH = 0IQ. !£01AI= U1 

21- SOL SESl3-s^ w& SOIOli St* S4 SID", ef 1.5 mm Olo12J gg SO|g ?|S(01 
301E 2f 4g 30 *C2J gEsEMOl SAIEIOIOt tfQ. 

E 46a a E 46b= ggf UEKH= SSOI.ffl bl^l XRT(X-ray Topography) ArSSOIfX 2^1 10i §°r 
1250 XOIIAI OhM= §! S£ g*|7|0|A|2| RTA a 10-E §2!" 1120 *c(HIA| 01=5 9 SfflLIOI- ?\± M9\ 
7MM2i RTAOfl SHStKII. E 46a01IA| MCHAI50I, 22itr #HOI E 43 IHA1 452J #1011 oHSSKB 
E 46a°l ^(HIAI fi01X|= ?JI0lffl2J SHI ?|x|01IA| S013P-. 01 Oil tl|S101 E 46bOflAI= SS*J- SSS 
9JI0IIH21 All 2 £|£|01IA|2| S 013 AWIStOIQ. tOErAI, J?SH ?f= SIIOIfflMOl 4§£»S 

4= SiCK 

s e^oj ^ AIM 1011 am m£! ^EH^h AIS^EI ggSQ. ««|, DZ OBKHI SMSI £S 

UEH1 i+iijggM ?>= MATS §s £E = £E1Sm X1l3tJ-:2£MI, S^ esh^| g£|(STI) iAT- 

: LHftllAi mmO\ 3il -4= Si°DI, tlH,^S1?1l= M7\m 4= SID, " gaW»»--Sf »8^!:' ; l*2r SCH, -STI=- 
SSjil'S i&SS^LHOIAI E?SA|iE12F SS iATSS AISS^EI MEISPI *BI" ASH 4= SiCh 

g-awni7fl a. saa uei sol stiohai m?hxi= sj-em 71221 islhoii ^seidi, oioiai 

US6(Undoped Silicate Glass) S/E= HDP(High Density Plasma)2(- SS §9iiS #SSQ. Et!" M?H 
XI = ^515 LhOIM£|-OIE2(- S= OS S^SIS SSOI SOtg 4= 2JQ. S?t!«LH2| ^3g§M3l- ^El 

3 «iioiiy Afoi°i aasr *mis ejsioi, a/s= eis ^Mai^i- s?i!*i2i- ?m akdisi stuswi 

SEl 4= SiQ. 

eehxI MEIS2301IAI2I ^Mai^lFS MSHXI2I CH^EBI S/E= CIS S§23S2| «J4=S 4= 2iQ. 
OAS SOI, £6£ Ai|7H2) ?JIO|ttl D2U 019 a D170H CH?J- M?H*|(HIA|°I e0 )^D), °||0| 

ffl D21CHIAI SIIOIiH D19 a D17S S4=^ Oi^EHI^ BJWQ. SSQiM eCt1A|=0|, ^M5||^= 9410 1 ffl 
D21CHIAI SlUOIOI. 5JI0IIH DIVCHlAi £300. 



*h = \ i 7} 


D 21 


D 19 


D 17 


XI Sift 
(dens if icat ion) 


SE CO 


1150 


1150 


1000 


AI2- (=) 


55 


55 


55 


5ICH 

(Max stress) 




-4.5 x ICf 


-€.5 x iff 


-8.27 x 10* 


o .. 


-2.96.x Iff 


-1.78 x ICf 


-4.22 x itf 


o.. 


-4.92 x irf 


-7.17 x ICf 


-6.25 x ICf 




! 7.34 x itf 


9.84 x irf 


1.12 x itf 



5E 47S aiO) HBO! CHti" 3 #2^(gap filling film) xIbaI* WS\ Ma«(HIA|2| ^fll^M MM 



OilHtf OI^CHI 5JoH ^^\y\m StJ-OI ^ US oxygen pinning phenomena )0[ ^CH 

y ^ 21^1 uncoil sti ^wiWAi a§s e Hay ^ ai oiischi cp^. ^^mm =sd:^s ai-^i- 




S §3 S^LHWIAI age^iine tension)! S^S 4= S12D1, 2 CHS M?HXI01IAI S»I12| S^g 
S^AIS 4 2J7I UHSOfl 391501 iAI ^SS^MS^H 01 §21 01 HI El 3, i+i^Ss^Ofl 3§£IQ3 
OI€fr£l01*!Q. 

E 48a= e ^S2| gAIOIISOII [0/5 ^EI5 SIOiaSLHOflAI 4= Sl= SSISaf M2!AI^E1 iX r °l 

S3E0IDI, yi^lisfi &£tP\ ?|oH 800 X01IAI 4AI2.L 1000 'cCHIAI 16AiaS2T CHyHAISQ. E 
S01IAI aOIAI^OL OZOil l\\£Z\~: ±K SSS^S ggj-sjog A^g^Dl 2JAIS.L 3SE2J d" 
i^l^MlOl MAI*! ESIrSWIAl M\ al 3011 CHSSfe ^Pl iXHHI 2ja*e §3 23LH0IIAI §1290. 
E 48b^ e ^AIWImOII [Q-EI E 48aE| 94IOIIt|01IAI d-±*!^M2| MAIS =SiI1SS M014S 331 
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= 00. 

HUsfes ftfiCK OHHttVI OI^OIl °M WpiB SUM 210IE, E 490UAI WIS SOI M 
SsSH^j xli^&ll g£*f 4 Si= S§££ S^S ^Sai^OICh F>= E 472| AIM9I0I 
£ 12HM Sin SCMX1S0I M2!x|2| 730IIAI 2l CH^h 1 210ID. Ei!" £ 490IIAL F«fe S?Hx| S*|2|- 
yi^Iil AI0I2J LH^S^OIQL OS 21- 901 4011! 4= 21CL 

0171 A| Equant it ies)MS E 49011 UEHJ Si^ffl, e.31- e 0 = ^MEUSS UEHJHM, v£ %mm UEM 
Q, E 49011 M aCBAISOl, S?I S§g CHOflAI 5101*1= UFSF 901 2 Oil 4 SO. 

Ob 

2R lr " I. 

Fut- HHOIOL §17114 6. bO±*!E1 b 91 S*l A>0|2| 901 L2| 1>40ICL DSiM. t* 

iA|gg§ AH)|2j 71EI7I- 9*9 IB. F L ,2| 371= §71*0. 015= F> -Fl? + F,„ °! EW US 

23 MAI 2?l OlMs OPIAia 4= aSOL 3E|oKM S§ 220U1= F„.. = 6b / L 0|Eh t&EIAI. LOI 
&i*FS F lB .S lsajo S/ m & ~g 0 | = 0|| °|ti 4*Vgy\m fl«K)| 210IE. HgE2| 

Sf= £t£4ft'M0| Lg &iAI?|H F LT a S7hAI?lD1 . 3EISKM F. sF LT .+.F„, S EJOI 3?l 3SS Ot 



fgg \B MoiBid 5o°i g$ saw ch*i- asam aizj- ch ms hissi 4§ 

£lEMp DEH=bo. E 5001IAI MM W SOL 4^013 3=01*1 AIZKHI CHSKfl MS HIS2J 4=.SSS> 

5 w+«ss fes. = gross sr= ?4ioittii(E 5o°i oh^ mws^ 3^ vo. oiih^j- 

«tHMAj i* 2§| HltCB ^OTSSIS 4 SICK §35008711 IT B^S UKf 901, ^XhS^LH 

3aa/i" ?ois a =al aiUI mo s§ 421 ms uims Esoiaa. co^al e 50s aw 
nioi I 11 sis! ^Aiciioii ww t^sg ^e ssmsgg Ats§KM asaofe stim si 

5ofe UEhtHIL 

?&4)»Ttflte sIhI 1^3^8(510)2 1 eSE0rQr r 9J10ittl(516)7h gm(512)LHM M01AIDI, AIAICH 
(518)011 S|t| AIXIEI2 2iQ. ^71 ^OlfflS gff5!25 □ 91011 A13i.H1S(52Q)l SEStJCK 

1200 x W2| SEtHlAI RTAS 4*SS13 =XBSfe X^tfilS 9J/E= DS OORAigiES : 91 
OmsLtt S9SI01 atf(512)feKHI SSfl 4= 2iQ. 0|E1«J ^EI5 POI^AHDIE ^KSiO, 

subli.n a tion)-Era gtMIL ^EI5 C10I ^ AfOI E_7h = |^7l f « ^ ^011 §f£lS pi 21f gbjl 2) S# 9J/ 

e= s§2i m\sm Kimm 4 si^oi, siioiihshj 9J/e= ^^s aioi-ais 4 siEL 

SB! SI CHUIE13DB. S 9S21 fc'AJOBsOI (OEh RTA OiyHOI Sf 1200 *C OBK 2f 1150 «C OloL 2f 
ifoo *C21 § 1120 X: AWL § 1120 XMAI 4tSEia 71°1 ^EI5 QOI^AKME ^Sfe HtMUXI 

sJ2b 3ms mm (sizisi is as aaai iaifoi rta Aiia(5i2)LH0iiAj ?4ioiiasoi s^s oiaoi 
eIk «Eii 4 2iti= 2§t* aaa. 

E 52- = 9321 ^AlffllSOII C&c 7HS= i39^?l sEi°J JH^EOICM, E 53= E 5221 £3W±?| 
KiaWHH ^iibl IWEOICF. E 52 SJ E 53Cm Al, E 28 1J.H7J, E MOW /»B 312h Stt^d 
f§2S ISsTaig L1ERHD1. E 28 LH XI E 3021-21 WIS&S OloKHIAI ^S^D. 

E 52 9! 53011 Al SOIAISOL 
«(330)M ifSKM Sl^gAIS 




(HIA1 ^7Tl»Ei«h?gLH2| txl(notch)S «znt 4 2iQ 



I I Sd hjat ff 5(228)1 liHi* IH¥ fi«»WS*W1« AH3I2J 71EI "d'7h S501IAI21 SO 5 
S*ra^5S SsB iSS 4 2iEL EI^U, lt*l(320b)2| gejOIIAI 01 5= 7^2) ^ES 9iS 4 SI 

lhBiai yT§ aiAitf 4 sia 011521 shj oi« 9!/e= qs s^msi gs^Ai, §§21 

^EI5 9501 asS 4= SICL 
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ctflfi ^i*! ggsKHIAI & HlSSISt ^AKHIIOI 7HAIEICH 21 ECU, Him 5§ §01 

Al AlsSje.' 2)015 ABSCf. 

g^tr i 

ahh Qj stS AJ-01 LHtHlAi £E ESal-iig 3£= ^El? SIIOIitiOflAI, 491 

tl £E = £IIrS=, 
a0|tt|2| Avg S srao S ^ E1 2(2). jgn g jjfe 30IWA|2| ft) g H2 al3; 

491 HOHHSI 491 HI a|3, &' 491 SM0ltt|2| Sr92l- 491 H2 a|3 A|0|2| CI^E£; 

491 HI 9 HZ 213 AHJKHIAI2J g^lOIM(cpncave) S3; 

SjCHE *|L>S| 2*1 3 LH Oil Sttffe 491 S0Ola|2J SSih 491 H2 a|3 AWI2I 491 □ 

ipES; a 

3 LHOU 2£9f 21= 491 ^Oiffl°l 4-S21 491 HI ID 3 AKJI°I 491 LIVE SI 2S*r= ^EIE 
SIOIDI. 

U '| *HHr2J01AL 491 Aj-^/dggoj fe£ iSftSJOl 491 4!-32r *I9 A>0|2| S?HHI $ISSI~ 491 
£EI5 ?JI0|a|°l CHSKH CHS2J Si£S 4IEI5 SMMid. 

H I *m 2101 AL 491 □YESsSI 201= 491 ME\2 SI0IEI2I 4°! S! SrSES^EI 5 mi LHAI 40 
mSi g*ILH£! 21S ^SE£ Sfe ££l = 9JI0IH. 

a 3 %m 2ioui, 491 pirE5i°j 201= 491 sae goimst sse 491 4>3es*ei 30 «°j 

5 

HI 1 %m StCHAI, 491 HI 113 S! H2 EI30ilA|2J £!-b *|ggS| feE^ SjCHE 1 x itfra* 0132! 31 
S ^3E3 *r= £21? HIOIiH. 

H 1 WSttHAI. 491 HI 113 S! H2 al3 AKDI°I &?\ 35II0IM S^CHIAI°J 4«ftS| 
S1CHE 1 x itf on"* OI4 k 2J 2# Sfe flBIS SIIOIIH, 

M 1 tJOfl 2101 Al, 491 HI EI3 SJ H2 EI3 AKJI2J 491 g^lOI£S2?01IAIEr COP(Crystal Originated 
Precipitates)^ £H8 r = 2S ^3ES S r = £EI5 SflOIIH. 

H I tMI 2i 
E E SKI-s 

S^tr 9 

H 1 *m 21CHAI, 491 9JI0IH2J 491 4"2!2f 491 HI ID3 AI0I°I 491 ElVESLHOfl STI mmO\ 21= 

H 1 tHH 2101A1, 491 g^LHSJ d^SM feE= 491 HI 5! H2 EI3M0flA1°l 3H 

di4!§l ^EMDE 3 CHE 1^2| 37| EJg 51€.21a USES Sfe £BIS SIOIIH. 

11 

4°*, SrS! a 491 4"-S2|- SO AW I LHWIAI ^<^§1 SE ESE>gs ^ ^£15 ?4I0|IH(HIAI. 491 
feE ESar^S, 

30IIH2I #S 3 SrSES^EI Z|Z| HI 5! H2 3OI08AI2J HI 9 H2 113; 

491 SflOliaej 4^2F 491 HI a|3, a 491 9JI0IH2J Sr5!21 491 H2 a|3 A|0|°J CI¥E£; 
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271 HM S 33121113 AlCIOilvMSI 33)| 01 "(concave) 33; 5! 

#71 °0O|IH2J Aj-g^ E | 3 Al-Oiej 271 □ i rH5LHCHI, 271 <L^<3 ^1 feE =SE!iJl 5*T 

ShTII Sfe £EI= ?4IOItt)LH0flA1H| §H*J\STI 331CHI UimCW 2.^3 ST I #gl ^40|2| IfS M 
SHxl gEI(STI) 3311 Sttffe £E| = 910101. 

M=F£ 12 

HI II tHHI SiCHA), 271 ^^^S2J £E ££E!iJOI #71 232! 513 AKDI°I S3CH1 £1*1 5^ 271 
^Eie S0O|E|2j S93CHI CHShCH CH§2! 211 ££15 SllOlffl, 

13 

SI 11 Wi\ 271 CI^E£12| 201 = ^1 SII0IEI°l 23 S SFS^S^EI 5 ;ra> LHXI 40 

«r£| gSILHE! 211 H3°£t!= fe!E|= ?J|0|tt|. 

S^lf 14 

HI 13 t-KHI SiCHAJ, 271 a±fE£S°l £0|£ 271 gEI= ?410|EI°I SSS 271 ^£S¥E1 30 m °l 
211 ag£S Sf^ £EI5 SDOIIH. 

§^ 15 

39 11 tHHI SiCHAI, 271 HI1 EI3 a 12 EI30||A|2| *Jgl2| £E& 3jO|E 1 x ICTcm * 0122] 
211 Sfe £EI5 siioiei. 

m^m 16 

"a 11 *J-Oit SiCHAJ, 271 HI1 E|3 a HI2 113 A!0|°l 271 35II0IM S3(HIA|2| £i *!^12| £Eb 
30IE 1 x lO'cm' 012°! 211 Sfe £EI = SllOlffl . 

g^tr 17 

HI 11 *,HH1 SiCHAI, 271 HM 113 a HI2 E|3 AHDI21 271 33U0IM33CHIAI3- COP(Crystal Orlgirated 
Precipitates)?! £Hl5!= 31 §3^3 Sfe 4'EI5 SOOlEi, 

S^4T 18 

Jill 11 ttH SiCHAI, 271 SII0IIH2I 2-71 232! 271 All EI3 A!0|2| 271 CIVESS 3LHCHI mm 2*1 
71 S= 511 ^3££ S!£- £EI5 SllOIItl. 

19 

HI 11 m\ 2J0IAI, 271 3JII0IM 33LH°I 51751 £E= 271 HI1 a HI2 EI3S0HAI2J SI 2 

£W*4.W feESCIE S)01E l*tt°l 371 3H 5fg 211 5325 81^ £E| = ?J|0|H. 

3^20 

23, S!3 a 271 232! SO A!OI LHWIAI tf±*|gl £E E3E!iJl 2>= ^EI5 ?4I0|G|CH1A1, 271 
£+±*!ll £E ESEI^s, 

SII0|E|2| 23 S 5!3£S¥E1 Hit a HI2 SOIO0A|°J HH a HI 2 E|3: 

271 SllOlfflSI 232! 271 HI1 E|3, a 271 9JI0IEI2I o!32! 271 HI2 E|3 AHDI2J CIVES; 

271 HH S! HI 2 El 3 AHDIOflAJHJ 3?J0IM(concave) S^; S 

271 ?4I0IH°| 232! 271 HH EI3 AUDI 2) ^71 CI^ESLH&II STI #HOI ^4=?H2| 
SEI(STI) S^ll EtlSfe ^EI5 SIIOIEI. 

S^tJ 21 

HI 20 *KHI 21CHAI, 27 1 d-^^l^J ^E =SE!^0| 271 232! S!3 AK3|°I S?TO|| ?IX|o!= 271 
^EI5 SIIOItt|°l g S3 CHI CHS!0l [Hs!3 211 m®°£ S!= £E|= ?JIO|E|. 

§^22 

HI 20 Wl\ 210IAI, 271 □¥E51°I 301^ 271 £E|= ?J|0|E|2| ^3 a S!S2£^E1 5 w LHAI 40 
«n2| g*ILH3 311 sgo S Sh£ £EI5 SIIOIEI . 

§^23 

HI 22 *KHI SiCHAI, 271 CI^ESS2J £01^ 2-71 ^El= ?J|0|tt|2| °'3S 271 23°S^E1 30 m°l 
211 5§££ §fe ^EIS SIIOIEI. 

S^?» 24 

HI 20 i>KHI 210IAI, 271 HI1 E|3 a HI2 E|30||A|2| t*± 4|gl2| feES- 5JCHE 1 x 10"*ctn * 0123 
211 m%°£. Sfe ^EI5 SIIOIEI. 
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25 

M 20 *m 210IAI, 491 SIM El 3 SJ Jt-fl 2 EI3 AKJ|°) 491 S^0||A|2J tf± 4<Ms°l £E£ 

3CHE 1 x IcTcra * 0I4°J 2e I92£ £JEI5 SJIOIIB. 
26 

HI 20 *KHI SiGHAI. 491 HI 113 3! 812 113 A|OI^ 471 3?flOI«S^0ilAie COP(Crystal Originated 
Prec.ipitates)7|- B7Ao[= 212 li£S Sr£ 4'E|= SBOIffl. 

g^27 

1 20 WW SlOW. 4^1 ?4IO|ffi2J 491 491 811 EI3 AhO|2| 491 a*rE££ 3LH01I 3*1 

7h S= 21# 5(~ £EI5 SU0IE1. 



HI 20 *HH SUM, 491 35IIOIS S^LHSI SI73 i+i^Sl SE£ 491 XH1 9 812 Jf|3sO|AJ2J S|2 
tf^H feESaE ^CHE 1*r43 371 SS SIS 51 Sfe SEI5 Wild. 

§^29 

avo, oj S p)g Aiga on a|iH01| CHSHM. 491 £E|5 ?-IIO|tt|°l 49 SI §19011 HHSH31 WlOiaAl ? 



484 S42J 5E 5SE r S!<HIAI 491 §4 SE ESErUS, 

491 aiOlffl°| 49 SJ 8raSS¥H 2^ 811 Si 812 20|0IIAI°I Ml SJ 81 2 ffl3i 
471 SII0IEI2I 392r 491 31 E|3AhO| S! 491 SII0I1I2I SI92I- 471 812 E|3A|OI01IA|°I Sfll £ES 
a tsas §4 SEM 3>ir S^; SJ 

471 nil ei 3 a hi? Ei3 mm sjmois s^s urns £Ei5 siioiffl°i siiaa. 

HI 29 WW 210W, 491 5^ 0)89 S§ SM£, 491 S0O|tt|2| 49££*a SISJ)CT°J HflOIS 

A |oj ^ E = £KH|§ E*l SfcSAI?IDI, 491 tMOISAI SE ESKrsS, 

471 8J0IIH2J 49 S! SI3£S^EI ^ Jffll SJ 812 SO|0flA|2| HI1 E|3 SJ 812 K|3; 

£91 ?J10lffl£| 492r 491 HI1 EI3AKJI SJ 491 S||0|tt|21 iY2H 471 H|2 u|3AJ0i(HIA|2| S7II SES 

3 *s ±§2) wioiaAi feES ?>= s^; sj 

471 811 El 3 SJ 812 113 A|OI°l S^S S*!"8r= 218 Sr=r £EI5 W0|E|2| 

81 29 «HH 2101 Al, 491 SIOIIH24 SSSS^H -t^M7\^_ ti^M *E 
E iSEr^s, 

471 ?00ltt|2| 49 S! Sra^S^a 2,^ 811 SJ 812 SOIOIIAiSJ 811 EI3 SJ 812 Hl3; 
71 flOlfflSI 4S2h 471 811 EI3AK3I S! 491 SII0|EI°l ^32r 471 812 EI3AKJI2J C|ifE£(0Z); 



Al- 



471 811 El 3 SJ 812 E13 AKDI2I 33II0I" S^S 2mK= 21 S Sfe ^EIE SllOlfflSJ 815 

32 

HI 29 tM 2101 Al, 491 St]"7^S S-ELIOKW.) SJ 0fS5 7r±§ StfSJS 211 li££ 5r= 
££15 SI0IIH2I ns&ei. 

m=F2 33 

fll 30 *KHI SiOlAi, 471 Stl^7ri= aSUOKhH,) 7^ SJ OrMS 71-iS ±fc*J-5r= 21S I3£S §r= 

^eis aoi'msi asaia. 

34 

HI ?q «HHI °'OIAI &9I §5J 0iy§ SSS ^tS5r= 9711=- *1CHE 10 *C/&2| UIsS 491 ?JI 
35 

HI 29 tHHI 2101 Al, 471 ^ SSj rjyi! 1120 XCHIAI ^*S5lS 21s or= 4IEI5 SB 
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0|IH2| 
M=&} 36 

HI 29 4HHI SA01AI, #71 1<5 I s ! 01 yH S§2 5i .ggf ^*«Sh= 211 1S££ &Hr ^EIE 

8H0I1HSI siags. 

37 

Jill 29 tKHI SOW, #71 2^ ^3 Oiyi lit 4=*«S>= EMS. 50 'C/iSJ blllS #71 SIIOIEil 
7Fgo">= 211 2£tTC^ 211 8I£ tfEIS 94I0IH2J '/H2WH. 

38 

HI 31 *HHI 21CHAI, #71 *!EI2 SOOIttHH CH*> 1x1 Eli 4=*»o"h= Sfll=. 800 'c LHXI 1000 *c A|- 
OMM 4 AIZ? LHXI 20 AlZmy ^ISSfe 211 ll££ SHE tlBIS 9JI0IQI2I HlSSrtU . 

S^TS 39 

1 29 *KHI S1CHAJ, #71 13 01 S§1 ^*SS|-^ #71 ^ei^ siioiiyi 9m snoiag 
40 

HI 29 tWI SiOIAH, #71 4tS 9* "013.01. 



#71 £EI5 91101191 HISSK7I SISH #71 931 BJ"3 S* F °£ lEIOI^Se- BTPKfltlEI =■ 211 1 
S£S 5fe £EI5 SII0IB21 a£W8. 

41 

HI 29 tMHI SUHAI, #71 4^tS 9711 OI20II, 

situ eiEiiEi^ 221 a wioisai 221m a= 92 °!#^e *siehoii coei- 

arssLHsi ^ei=»s^ei sjss sia«i-= 9?m a 

#71 -flEIS 9101191 HI So 171 S|SH #71 2)31 B«F°3 SEHDI^Sfe EWI dtS3= 211 1 
9£S Sfe 1EI5 9JI0IH21 Hlffl^g. 

§^ 42 

HI 29 *KHI SICHAI, #7| 4=tS 012 Oil, 



#71 SllOiai HI So 171 SISB #71 2)2! 93 SE(0|^§1^ 971171 fi*»£l= 211 * 

i2£ 5^ flSI* 9II0IH21 HliS-g. 

S^43 




llil l# £E ESIO-SS, 

#71 floiiiisi #3 a o-ib^s^ei 2^ hii a H12 soioiiAi°i hii a hi 2 ma; 

#71 S0OIH2I #71 J501 EI3AHDI S #71 8HOIIHSI olSjU #71 HI2 EI3AKJI0UA424 STfl £ES 

#71 HII 113 a HI 2 EI3 AH3I2I 33101'H 331 4' El 5 9|IOIItl°J HI5^ . 

§^ 44 

hi 43 «m aow. #7i i^ gsi oiid s§ 9*1 zr, #7i aioifflsj #s£s^ei 50U1XI5I wioia 

AI°J fe£ =SE^1 £EtJ I&SAI7ID1. #71 WIOI2iAl E.SM'M^. 

#71 aoimsi #a a sisss^ei ztzr hii a H12 sokhiaisi hii eih a H12 kih; 

#71 9JI0IH21 #321 #71 HII U\B.W\ a #71 SllOlfflSJ S1S21 #71 HI2 II|3A10|(HIA|°J 
D ^§21 WIOISAI SEg 2>= a 

#71 hii ma a H12 nia aioi^j a«oi« s^i smvz 211 is«:s sis ^eis 9jioiih2j hi^ 
45 

HI 43 tHW 2101A1, #71 9JI0IIHSJ #3££¥E1 t&T)m°i #i^ll SE SSEhSl S So 171 ?IS1 
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ot 491 me\e wmm imm *^a= mnssm 4*js^ bths a 2*wn. 491 tM^ss £e 
491 sioraisi 4*9 a srasswi zra ai a H12 sohhiaisi hi ma a H12 na; 

49| S10IIH2J #S2h 491 M\ EI3AIOI a 49| .«0|fflS| S r 33r =«3| *II2 II3AI0I21 ll|i?EE(DZ); 

ai ma a x-112 ma akdi°i ssioim g^g 5«is& as ^gss s r = *iei5 siioiEiei size 

g?£j 46 

HI 43 tMI SiCHAI, 4^1 13 CHyg gg§ ^tSSfe 9?1I=- 301E 10 *C/£°I BUS 491 SO 
g^ 47 

» 43 4HH S1CHA1. 491 2^ §5} oiyH 1120 'CtHIAI 4*tSSfe S§ ^S2S gEI5 §11 

-tJimsi assra. 
g^tr 48 

HI 43 'tHH S101AI, 491 2^ §3 01 yi! SSS 3 CHE 5i §9 4=tSSr= 211 SUSS or= £EI5 

aioiHsi nswa. 

M=m 49 

HI 43 -^JOfl ' SltMAI, 491 ^ gS{ CHW9 SSS 4S§Sr= 9?ll=; 50 -c/i°l HISS 49l SliOlfflS 

3* ?r§Sr= as m.m= as 5S2.s gsi= sioihsi hssb. 

xfi 45 2101 AI, 491 £EI5 ?4IO|itlO)| CH^ ^ ItHEIS ^tSSfe 9?l=. 800 X LH XI 1000 *C Ah 
OlOflAJ. 4 AI9 LHAI 20 AI9S9 4*»K£ as Sr= £EIS *0|I|S| WISSS. 

g^ 51 

a 43 *WI SiCHAi 491 ^3 dyH §§§ 4=*SSr= 9?l= 491 g£l£ SliOlfflS W SllOlltIS 
8S9 SU Ha (donor killing) 59 ^*!SI= as USSS SIS flEIS WNIHSI a£W9. 

52 

a 43 tJ-OII SiOfAl, 491 4=S 971 OlSOfl, 

a 

491 flEIS SII0IBS aSSPI *I*H 491 95S 92 S* F £S SE|Oi3Sfe £3EI= as 5 

§25 5^ gE|£ SJI0II9HI a££tt- 

g^tf53 

a 43 %m kchai, 491 bti oisod, 

«3SrXier eiE^EIg Sill S WlomAI 1«gtm 95 2!4^E ESEraOII CDEh 

f Hlhsi gg ^Eie^s^a ?J 51 2Jg*fe 9311; a 

491 ^EI5 S||0iag aSSPI ?ISB 491 95S 9ra S*f£S SEtOI4Sr= i!tSa= 2i a 

92S Sr= ^EI5 M0IB2I a^S^B. 

54 

a 43 %m SiOIAI, 491 ^« EMI 013 OIL 

oiiq oiaj-^^l ojy gag «£ti0l gOI WIOiaAl 2291- ^21 SohO) 

#gsi #1)3 EMiMti w&Vzkm ss us.\22.ei*e] ase a«se 9?«; a 
491 ^Eis sjioiias asspi m 491 ase sts #Eioi4Sfe 9?H7i dtsa^ as m 

55 

4^3 a shss ^ ^ei= snoiiHOi chshji. 0rS5 a gauoii .^1= ^f-^ 

I oh 1100 -C LHAI 1200 'C AFOIOUAi ^ ^ Oiyil(RTA) g§S 9fll 5^*r= ^EI5 Sll 

oiasi asws. 

g^56 

HI 55 4HM °'01A1 491 ^*»SI-= 9711=, 4^ a SI9S ?fe ^EI5 SIIOIIHOII CHS1-01, 0IS5 a 

SLPrl s^'sIpioTaT; abis sa ieF 1T00 x Mliso -c aioinai 2^ §^ oiyD(RrA) 
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531 *tSob= B?U§ 5SJSfe 211 ^92S S|= S£I5 SI'OIIHSl Hisaa. 
57 

HI 55 %W\ SkOIH. 491 4tS§fe 0I2CHI, 0|S5 a 9SU0H MWIS^EI id 

g^ 9J|7| i!t5a= 211 H3^£ Sfc SEIS SIOIiHSI BZtttt. 

58 

m 56 %m sioiAt, 491 4=*ss>=- efli Olson. ±m oi§hsi 491 g?\?m mtm 3*1 

s]= B*Ph fl'HSIfe 211 m= G!£I5 94IOIH2I q£Ut9 . 

59 

xii 55 *hhi 5JCHAH £91 4*Jtfe EWI OI20II, 01=5- a ShELIOH Stmfe MWI^I 7Hi 50 X/ 

saa. 

HI 55 *J-0fl S10W, 491 4tJefe B71I 01 3011, 0E5 a SSU0H SW*fe M99I2J 50 X/ 

£S I 800 X sVl 1100 X LHAI 1150 X AWIS S7hA|?|= EPIPI- fitSSLIir 21© RS£S tfE| 
5 S10IH2J HJiaa. 

61 

HI 60 %m 210IAI, 491 EM OlSQfl 0ISS a &HLI0H SthSfe ttW7l£¥EI tf±S 

IHWfe SflPHrtlHi; 211 SDSSSfe £EI5 SllOlfflSl EB«.. a : 

62 

HI 61 *KHI 2101 Al 491 4*»§l^ E^l 012 OH, fe£ 0loF°l £h£^ 0|SE a S-SUOhS ifc«t&} 
S^tJ 63 

HI 55 *KHI 210IAI 491 4*Jofe 9711 01=011, 01S5 g| SHU 0H StTofe 7^1 10 X/ 

I LHxr?o x/l aiois Tioo x Thai iiso x awis** h±H9\= lw *«5i£r as is°s 
tf'sia SI0UH2I 

§^64 

HI 55 *KHI 21CHAI 491 4=t»*fe E^l 01 $011, 0fS£ 3 &2LI0I-M Sttf^ ^2I?|2J 7^1 10 X/ 

I lhaT 70 x/l AiSis Tioo x Thai iianc aWs^eh boo xs a±Ai?i& b*pi *«sfe as 
^gos §fe aeie «nojni2i Hiisa . 

St'S. 1, 65 

HI 64 %W 2ACHA1. 491 SiAI?l= BH 01° Oil, 0S£ S &HU0H tf*|?IS*EI &SU 

OW MWH^BH^ **E|£ iS2S sfe -..tfEIS SWIB2J Hl.iaS, 

66 

HI 55*HH1 2101 Al, 491 4*3 SIS 37t£. 43 a §138 ?^ aOIIHOfl CH^KS 0fS5S 

□ OH SWfe S9PIMAT SjOfe 5^ #B Tl20 X0IIAI 83 fflyS(RTA) S§S 4*J§fe 3711 

m it^Sfe 21S «SSS efc fe'EIS S«0|iH°J Hii&a. 

67 

8o»"5mfe kmnli at lha r5& ietl 1100 x lhai 1150 x apiom oiyn 
(rta) ssm 4tssfe B?iie atrsfe 21s §fe ^ae 9jioiih°4 Hi^aa. 

68 

HI 60*KHI SiCHAI, 491 S7hAI?l= Bfll2J 491 4=tSSfe.B?fl MOM. 6hS£ S ^aUOFf 
&$\W?mm 800 XMAI IDS m?! SAISfe B?1i:>h 4=tja= 211 Sfe geie flioimsj 

HI2Ea-3. 




HI 69 *KHI 2101 Al, 491 3^5j^S 4*Stfe EM=. ^ ?4IO|Q|0fl CHolOI 1100 X LHAI 1200 X AWJOJ 
M aiofir 5l §B 491 RTAS 4t5S?5 B^lf Stmfe 211 ^S2S 5h= ^SI5 ?4|0|it|l 
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71 

HI 69 *KHI 2101 A), #71 S^3££ 4*Ml= ^ 94IO|tt|l}ll CHSKfl 1100 *c LHAT. 1150 *c MOM 

M SfflSL 54 £°! #7! RTA1 4tSSK= EMi SSttfe *3£3 Sfe **JH2I 6!£I5 94IOIIHS 

72 

hi 69 * «-oii sloiai. #7i ^ nommn chskw rta s§# ^tssfe em oisw. oes a sraygjf 

2| . 

HI 72 *m S401A1, #71 ^ SIIOIiHIOil CHol-Ol RTA S§1 4=SSf= BTfl OISOL ±S SE OlfJ2| £ 

dbf b@5~ a sauohi swfffejswioi £*ntm awe ewi- oasis as mrnss. 

^4=7H2| 61 £15 SII0ISIS2I HI£&B. 
74 

HI 71 WW SUHAI, #71 Zf 94101211)11 CHS KM RTA SSS iH?,%J?SS 

2S61= S?I7|01IA|2| 7H0| 50 t/ii 1100 'C LHX| 1150 *c AIOIS S7W?I = &711 7h d*!H = 31 

i ?i£g mOHSi 94I0IQIS2J HI 5 SB. 




HI 75 %m SiCHAI, #71 §71A|?|£ EM QISCHI, 01=5 5! Sei_|0@ S*!S1£ M£|7|S¥E4 
tt|X|AI?T= BWt dttEIS 21 SKr H^HSI £E|5 9410|tt|g2| 

§^77 

HI 76 t^Ofl SiCHAI, #71 2J- «IO|tt|(HI CHoKW RTA SSS ^tS*1= E^l OIS0II, £E OIS12I tt± 

?[ aTasuow- swfe M?i7ioiiA4 shiss &*i5i= ewi ati£i= usss sis 

^47H2| g£|5 SllO|Q)g2| HliS-g. 

78 




79 

HI 71 SOU SICHAI, #71 V SHOIIHOfl CH*K» RTA 3§§ 4=*»5Kr B*l 01^, 01§5 2 SHUO^ 

4?PI01IA|2| 7Hf 10 LHAI 70 X/£S 1100 «c LHAI 1150 *C AIOIS^E) 800 t5 a 

±AI?I= EWI71 S«EI= 2# *4JH2| ££15 ?4l0liH824 32 SB . 

81 

HI 69 %m SiCHAI, #71 ^*S5l= EM=, ^£15 □0I^AI0I=2| £7\ RTA 15 till AOStlOl 

SOI 5101E RTA SWIM OHM ^£1= SOOIIHIM mm S^SS RTA S§S ^tSsfe 21s 

fgog t[-= ^7H2| ^EI5 94101 IB h 2| HI2&H. 

g^82 

SBI asm; 

g© 6!£l5s SSSKr #71 15 tH LH21 S.J\U: 

AlESSg fiSSCT 9ltH #71 E7H-I01I 2JSEICH 21^ #7| gSX41 LH°| AIESQ; 
#71 E7H-I1 sS4«4= #71 SSSB LH2| S|EH; 
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?sa<ofl eistf m 27i ism gsamsi g^°i s*em»ssj a 

271 E^mmoii 271 g*FBSh?ii mm^ xmznm mst= bis gas 95ti 2§ai?i7i 

Wtr'£3tt£?l ia. 
83 

fll 82 *U|| SICHAl, 271 VftSfeftSS g^il'S 21 5h= Big £EI5 

2)511 2&A|?|7| ia. 

84 

HI 82 sJM SiOtAI, 271 g*IBj||2l- 271 AIESQ AHJIW l JZWH21 D 5U«t£ 21 5fe 
BIS £E|5 9511 4.9APPI fltt SHti?! ia. 



a. 

86 

HI 85 fHM SiCHAi .271 ia=, 

27 1 gg gsisi as i^g gsetoi 27i mm aaaa 95-ss gas sail sssfe as 

S Big 4*EI5 S52S 2SAI7I7I 271 E7HJ£*a 271 AlEgQS 2J2AI7IES ^EIOI 

271 gflBsi^gsi 27i lh" a i*EmM?ges!2i aoi." 271 g*E!*i£ss7H a sii a H12 

I 3AREl727l 953? 271 LH^ g^SS^S*! AMI2J 71 El. 271 E7HJ2J 271 ai* g»BSI- 
°g« AK3I21 71 El, 271 gggEI52l- 271 LH" gjlBS^S^AHDISI 71 El S 271 gxIBEfSJ 
g°| £)0)E SIU7K 271 B2£! 9501 3 SSMAT21 271 95SJ SEM 7|*oH3l, 271 95^§§ 
£EI5 §7II(HA|2| £E£¥E1 271 952| ±g £EDW SjOiE 1.4 • K/g2| UI1S I^EIE^ ^ 
E! 21 ig££olz Bl§ £EI5 9511 2SAI7I7I 9\ti £5W±?\ 13. 

si 82 ttoi abjAi. 27i ssies^gg immmoms. o\^o\b 21 n± Big gas a 

511 2SAI7I7I ?ltl i3tr±?l la. 
88 

fll 82 tHHI 2JCHAI, 271 SHI STjBS^g^HS^a 271 LH^ B»S*^Stt|» tf&H3l Sg^AjS 

27*g(HIA| 271 gttSSM?gLHM Jxxl (notch)! tJgefe 211 1125 ofe BIS £ 

£15 9511 SSAI7I7I fit!" £3!±?l ia. 

89 

SBi S8HI; 

gg gasi sss^ 27i ism bish lhsj e7hj; 

AlElg! «*H 271 E7H-IIHI BSEICH 2i= 271 gSxfl LH5J A|E#Q; 

271 E7H.I1 ia^ 271 tt8» LH2J &IE1; 




«E1 271 ai¥ S^Em^S^HW SUfgACTtfl, EtJ-2-71 21^ gJ^BS^g^Sf 271 g^BS^D 

ui^si TaWaoiiAT ntHoii^ txii st^fe, 271 ism ^^ilhsi k«°i g»ss^g; a 

271 E7hULH(W 271 g^BS^Sl AlAISfc X|AI¥Xfll St^fe Bg§ S 95 9511 2SAI7I7I 

?i*i- i3i^7i ia. 

SO 89 *KHI SiOIAI, 271 g«°l g»B«l-?gS gg^llS #3=! 21 ^S^S Sfe BS§ ^E| = 
9511 22AI7I7I $m i3S^7| g£i. 

91 

a 89 4KHI aiCHAI, 271 BXEMISf 271 AIE^Q AhOICHI a^l?!! □ 21 ^92^ S£ 

Big ^EI5 9511 2SAI7I7I Z\Z! Z.3.W±?\ ia. 

92 

M 84 *KHI SiCHAJ. 271 g^EW^llf 271 ^^1221 AH) I MAI 271 B2EI£ 9521 ^911 law 
£ gxIBBOl Q 21 Sfe Bgg ^E|5 9511 2SA|7|7| i3^^5| 1 
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